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Lipoxygenase Genes. Promoters, Transit Peptides and Proteins Thereof 

The present invention relates to novel lipoxygenase genes and promoters, transit peptides 
and proteins derived therefrom. The present invention also relates the methods of using the 
novel lipoxygenase genes, promoters, transit peptides and proteins. The present invention 
also relates to isolated nucleic acid molecules encoding polypeptides having lipoxygenase 
activity and transit peptides. More specifically, this invention relates to isolated nucleic acid 
molecules encoding novel promoters that confer chemically inducible but not wound- or 
pathogen-inducible expression to an associated nucleotide sequence. Furthermore, the 
invention relates to peptides capable of targeting an associated protein to plastids. The 
invention also relates to proteins having lipoxygenase activity and to their use in inhibiting 
fungal mycotoxins. The invention further relates to recombinant nucleic acid molecules 
comprising nucleic acid molecules encoding the novel lipoxygenase genes, promoters or 
transit peptides. Also, the invention relates to host cells, plants or progeny thereof 
comprising the nucleic acid molecules or recombinant molecules described herein. 

Plants are exposed to a variety of microbes during their life cycle, many of which are 
capable of causing disease. As a consequence plants have developed multiple defense 
strategies to avoid colonization. Certain treatments with chemical or biological agents can 
induce a normally susceptible plant to become systemically resistant to a subsequent 
inoculation with virulent pathogens. This phenomenon is known as systemic acquired 
resistance, or SAR. 

In rice, for example, treatment with the chemical N-cyanomethyl-2-chloroisonicotinamid, a 
derivative of 2,6-dichloroisonictinic acid (INA), has good resistance inducing activity against 
rice blast disease. Interestingly, treatment with N-cyanomethyl-2-chloroisonicotinamid, 
induced the enzyme lipoxygenase (LOX, linoleate:oxygen oxidoreductase, EC 1.13.11.12) 
(Seguchi et al. (1992, Journal Pest Sci. 17, 107-113)), an enzyme known to be involved in 
plant defense against pathogens. Treatment with the rice blast fungus itself also induced 
this lipoxygenase. However, in modern agriculture, there is a desire to have a gene at hand, 
that is only induced by treatment with a chemical, but not by pathogens or wounding. 
Therefore, it is a major objective of the present invention to provide a lipoxygenase gene 
that is chemically induced, but not by pathogens or wounding. 
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It is another objective of the present invention, to provide the promoter and the transit 
peptide and protein encoded by such a lipoxygenase gene for use in agricultural 
biotechnology. 

In agricultural biotechnology, plants can be modified according to one's needs. One way to 
accomplish this is by using modern genetic engineering techniques. For example, by 
introducing a gene of interest into a plant, the plant can be specifically modified to express 
a desirable phenotypic trait. For this, plants are transformed most commonly with a 
heterologous gene comprising a promoter region, a coding region and a termination region. 
When genetically engineering a heterologous gene for expression in plants, the selection of 
a promoter is often a critical factor. While it may be desirable to express certain genes 
constitutively, i.e. throughout the plant at all times and in most tissues and organs, other 
genes are more desirably expressed only in response to particular stimuli or confined to 
specific cells or tissues. Chemically inducible promoters have been previously described 
(see, for example EP A-332 104). However, these promoters are also induced by 
pathogens. There are however occasions where it is desirable to use a promoter that is 
chemically induced but not by pathogens or wounding. Therefore, it is a major objective of 
the present invention to provide such alternative promoters for expression of a nucleotide 
sequence of interest in plants. The invention also provides recombinant DNA molecules, 
expression vectors and transgenic plants comprising the promoters of the present invention. 
When genes of interest are introduced into plants, they are most commonly expressed in 
the cytoplasm. Alternatively, one might wish to express those genes in other compartments 
of the cell. This can be accomplished, for example, by introducing the gene of interest into 
the plastid genome instead of the nuclear genome. However, currently, plastid 
transformation is not a routine procedure for all of the agriculturally important crops. Another 
possible way to express a protein of interest in plastids is to add a DNA sequence encoding 
a transit peptide to the 5'-end of the DNA sequence encoding a protein of interest and to 
express this DNA sequence from the nuclear genome. Transit peptides are peptides that 
are capable of targeting an associated protein to plastids. It is thus another objective of the 
present invention to provide such transit peptides. The invention also provides recombinant 
DNA molecules, expression vectors and transgenic plants comprising the transit peptides of 
the present invention. The transit peptides can be used in completely heterologous 
constructs or together with the promoter or coding region they are naturally associated with. 
The present invention also provides recombinant DNA molecules, expression vectors and 
transgenic plants comprising the transit peptides of the present invention. 
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ln agricultural biotechnology not only the choice of the promoter is of importance, but also 
the choice of the associated DNA encoding a desirable phenotypic trait. A particularly 
desirable phenotypic trait is the lipoxygenase protein of the present invention. The invention 
thus provides recombinant DNA molecules, expression vectors and transgenic plants 
comprising the lipoxygenase protein of the present invention. 

The present invention thus provides: 

an isolated nucleic acid molecule capable of driving chemically inducible but not wound- or 
pathogen-iriducible expression of an associated nucleotide sequence in particular, wherein 
said isolated nucleic acid molecule 

• is a component of the PsMPsfi fragment of about 4.5 kb in length from plasmid 
pBSK+LOX4A which has been deposited under accession no DSM 13524 

• is a component of the nucleotide sequence depicted in SEQ ID NO:17 

• is depicted in SEQ ID NO:1 8 

• is depicted in SEQ ID NO:19 

• comprises the nucleotide sequence depicted in SEQ ID NO:1 

• comprises the nucleotide sequence depicted in SEQ ID NO:2 

• comprises nt 1 to nt 1358 of the nucleotide sequence depicted in SEQ ID NO:2 

• comprises the nucleotide sequence depicted in SEQ ID NO:3 

• comprises nt 1702 to nt 2104 of SEQ ID NO:2 and/or nt 1 to nt 97 of SEQ ID NO:3 
and/or nt 367 to nt 1283 of SEQ ID NO:3 of SEQ ID NO:3 

• comprises a combination of any one of the nucleotide sequences or portions thereof 
depicted in SEQ ID NO:1, SEQ ID NO:2 and SEQ ID NO:3 

• hybridizes under stringent conditions to SEQ ID NO:1 , SEQ ID NO:2, SEQ ID NO:3, SEQ 
ID NO:17 t SEQ ID NO:18 or SEQ ID NO:19, or to the 4.5 kb Psti fragment of plasmid 
pBSK+LOX4A which has been deposited under accession no DSM 13524, wherein said 
nucleic acid molecule is capable of driving chemically inducible but not wound- or 
pathogen-inducible expression of an associated nucleotide sequence 

• comprises a consecutive stretch of at least 50 nt, preferably of about 500 bases, 
particularly of between about 1000 bases and about 1500 bases, more particularly of 
about 2000 bases and most particularly of between about 3000 bases and about 4500 
bases in length of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:17, SEQ ID 
NO:18 or SEQ ID NO:19, or of the 4.5 kb Psfl fragment of plasmid pBSK+LOX4A which 
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has been deposited under accession no DSM 13524, wherein said isolated nucleic acid 
molecule is capable of driving chemically inducible but not wound- or pathogen-inducible 
expression of an associated nucleotide sequence, in particular, wherein said consecutive 
stretch of at least 50 nt has at least 70%, preferably 80%, more preferably 90% and most 
preferably 95% sequence identity sequence identity with a consecutive stretch of 
corresponding length of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:17, 
SEQ ID NO: 18 or SEQ ID NO:19, or the 4.5 kb Ps6 fragment of plasmid pBSK+LOX4A 
which has been deposited under accession no DSM 13524 

o wherein the chemical inducer capable of inducing said nucleic acid molecule is selected 
from the group consisting of BTH (benzo(1 ,2,3)thiadiazoIe-7-carbothioic acid S-methyl 
ester), INA (2,6-dichloroisonicotinic acid) and probenazole 

o wherein the chemical inducer capable of inducing said nucleic acid molecule is jasmonic 
acid 

Further provided are recombinant nucleic acid molecules comprising a nucleic acid 
molecule according to the invention operably linked to a nucleotide sequence of interest in 
particular, wherein 

o the nucleotide sequence of interest comprises a protein, polypeptide or peptide coding 
sequence 

o the coding sequence comprises at its 5'-end a nucleotide sequence encoding the amino 

acid sequence depicted in SEQ ID NO:6 
o the coding sequence encodes a desirable phenotypic trait 
o the coding sequence encodes a selectable or screenable marker gene 
o the coding sequence encodes a protein conferring antibiotic resistance, virus resistance, 

insect resistance, disease resistance, or resistance to other pests, herbicide tolerance, 

improved nutritional value, improved performance in an industrial process or altered 

reproductive capability 

o the coding sequence encodes commercially valuable enzymes or metabolites in the plant 
o the coding sequence is in antisense orientation 

Further provided are isolated nucleic acid molecules expression vectors comprising an 
isolated nucleic acid molecule or a recombinant nucleic acid molecule of the invention as 
well as host cells stably transformed with a isolated nucleic acid molecule or a recombinant 
nucleic acid molecule according to the invention in particular, wherein 
o the host cell is a bacterium 
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• the host cell is a plant cell 

• the host cell is a plant cell selected from the group consisting of rice, maize, wheat, 
barley, rye, sweet potato, sweet corn, bean, pea, chicory, lettuce, cabbage, cauliflower, 
broccoli, turnip, radish, spinach, asparagus, onion, garlic, pepper, celery, squash, 
pumpkin, hemp, zucchini, apple, pear, quince, melon, plum, cherry, peach, nectarine, 
apricot, strawberry, grape, raspberry, blackberry, pineapple, avocado, papaya, mango, 
banana, soybean, tomato, sorghum, sugarcane, sugar-beet, sunflower, rapeseed, clover, 
tobacco, carrot, cotton, alfalfa, potato, eggplant, cucumber, Arabidopsis thaliana, and 
woody plants such as coniferous and deciduous trees, but particularly rice, maize, wheat, 
barley, cabbage, cauliflower, pepper, squash, melon, soybean, tomato, sugar-beet, 
sunflower or cotton, rice, maize, wheat, Sorghum bicolor, orchardgrass, sugar beet and 
soybean cells 

• the host cell is a plant cell from a dicotyledonous plant 

• the host cell is a plant cell from a dicotyledonous plant selected from the group 
consisting of soybean, cotton, tobacco, sugar beet and oilseed rape 

• the host cell is a plant cell from a monocotyledonous plant 

• the host cell is a plant cell from a monocotyledonous plant selected from the group 
consisting of maize, wheat, sorghum, rye, oats, turf grass, rice, and barley. 

Further provided are plants and the progeny thereof stably transformed with a nucleic acid 
molecule or a recombinant nucleic acid molecule according to the invention. In particular, 
wherein said plant is selected from the group consisting of maize, wheat, sorghum, rye, 
oats, turf grass, rice, barley, soybean, cotton, tobacco, sugar beet and oilseed rape. Further 
provided are seeds from the transformed plants and progeny thereof. 

In addition, use of the isolated nucleic acid molecule of the invention to express a 
nucleotide sequence of interest is provided. 
The present invention further discloses 

• the use of the isolated nucleic acid molecule according to the invention to express a 
nucleotide sequence of interest 

• a method of producing an isolated nucleic acid molecule according to the invention, 
wherein the nucleic acid molecule is produced by a polymerase chain reaction wherein at 
least one oligonucleotide used comprises a sequence of nucleotides which represents a 
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•consecutive stretch of 15 or more base pairs of SEQ ID NO:1, SEQ ID NO:2, SEQ ID 
NO:3 f SEQ ID NO:17, SEQ ID NO:18 or SEQ ID NO:19. 

The invention also provides isolated nucleic acid molecules encoding the amino acid 
sequence depicted in SEQ ID NO:6, wherein said amino acid sequence is capable of 
targeting an associated protein to plastids in particular, wherein 

• said nucleotide sequence is the sequence depicted in SEQ ID NO:4 

• said nucleotide sequence hybridizes under stringent conditions to SEQ ID NO:4 in 
particular, wherein said sequence has 70%, preferably 80%, more preferably 90% 
sequence identity with the nucleotide sequence of SEQ ID NO:4 and the encoded 
peptide is capable of targeting an associated protein to plastids 

Further are provided polypeptides or peptides encoded by the isolated nucleic acid 
molecules described above as well as the use of said polypeptides or peptides to target an 
associated protein of interest to plastids. 

In addition, the invention provides isolated nucleic acid molecules which hybridize under 
stringent conditions to SEQ ID NO:5, and wherein the protein encoded by said nucleic acid 
molecule has at least 65%, preferably 75% more preferably 85 % and most preferably 95% 
amino acid sequence identity with the amino acid sequence depicted in SEQ ID NO:7 and 
encodes a protein with lipoxygenase activity. 

The invention further provides nucleic acid molecules as mentioned hereinbefore, wherein 
said nucleic acid molecules encode the protein depicted in SEQ ID NO:7. Further are 
provided proteins encoded by said nucleic acid molecules described hereinbefore, in 
particular, SEQ ID NO:7 or portions of the proteins or polypeptides having lipoxygenase 
activity. 

The invention further discloses the use of the protein as mentioned hereinbefore to inhibit 
fungal mycotoxins, in particular aflatoxins. The invention further provides methods of 
increasing plant disease resistance or inhibiting fungal mycotoxins by expressing the 
isolated nucleic acid molecules of the present invention that encode lipoxygenase activity in 
transformed plants. 

Further provided are recombinant nucleic acid molecule comprising the nucleic acid 
molecules as described above, host cells stably transformed therewith, in particular wherein 
said host cell is a plant cell and plants and the progeny thereof stably transformed with a 
recombinant nucleic acid molecule as described above. 
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In order to ensure a clear and consistent understanding of the specification and the claims, 
the following definitions are provided: 

DNA shuffling : DNA shuffling is a method to rapidly, easily and efficiently introduce 
rearrangements, preferably randomly, in a DNA molecule or to generate exchanges of DNA 
sequences between two or more DNA molecules, preferably randomly. The DNA molecule 
resulting from DNA shuffling is a shuffled DNA molecule that is a non-naturally occurring 
DNA molecule derived from at least one template DNA molecule. 
Expression : refers to the transcription and/or translation of an endogenous gene or a 
transgene in plants. In the case of antisense constructs, for example, expression may refer 
to the transcription of the antisense DNA only. 

Functionally equivalent sequence : refers to a DNA sequence which has promoter activity 
substantially similar to the rice lipoxygenase gene promoter or parts thereof and which 
under stringent hybridizing conditions hybridizes with the said promoter sequences. 
Gene : refers to a coding sequence and associated regulatory sequence wherein the coding 
sequence is transcribed into FIN A such as mRNA, rRNA, tRNA, snRNA, sense RNA or 
antisense RNA. Examples of regulatory sequences are promoter sequences, 5'- and 3'- 
untranslated sequences and termination sequences. Further elements that may be present 
are, for example, introns. 

Gene of interest: refers to any gene which, when transferred to a plant, confers upon the 
plant a desired characteristic such as antibiotic resistance, virus resistance, insect 
resistance, disease resistance, or resistance to other pests, herbicide tolerance, improved 
nutritional value, improved performance in an industrial process or altered reproductive 
capability. The "gene of interesf may also be one that is transferred to plants for the 
production of commercially valuable enzymes or metabolites in the plant. 
Heterologous as used herein means of different natural or of synthetic origin. For example, 
if a host cell is transformed with a nucleic acid sequence that does not occur in the 
untransformed host cell, that nucleic acid sequence is said to be heterologous with respect 
to the host cell. The transforming nucleic acid may comprise a heterologous promoter, 
heterologous coding sequence, or heterologous termination sequence. Alternatively, the 
transforming nucleic acid may be completely heterologous or may comprise any possible 
combination of heterologous and endogenous nucleic acid sequences. 
Leader region : region in a gene between transcription start site and translation start site. 
LOX : lipoxygenase. 

Marker gene : refers to a gene encoding a selectable or screenable trait. 
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nt: nucleotide, and are naturally occurring or synthetic nucleotides. 
Nucleic acid molecule : is any single or double stranded polynucleotide that is commonly 
either DNA or RNA, and can comprise naturally occurring or synthetic nucleotides. 
Ooerablv linked to/associated with : a regulatory DNA sequence is said to be "operably 
linked to" or "associated with" a DNA sequence that codes for an RNA or a protein if the two 
sequences are situated such that the regulatory DNA sequence affects expression of the 
coding DNA sequence. 

Plant : refers to any plant, particularly to seed plants. 

Plant cell : structural and physiological unit of the plant, comprising a protoplast and a cell 
wall. The plant cell may be in form of an isolated single cell or a cultured cell, or as a part of . 
higher organized unit such as, for example, a plant tissue, or a plant organ. 
Plant material : refers to leaves, stems, roots, flowers or flower parts, fruits, pollen, pollen 
tubes, ovules, embryo sacs, egg cells, zygotes, embryos, seeds, cuttings, cell or tissue 
cultures, or any other part or product of a plant 

Polynucleotide: any single-stranded homo-or heteropolymer of at least about ten 
nucleotides connected by phosphodiester linkages between (usually) the 3* position of the 
glycose moiety of one nucleotide and the 5' position on the glycose moiety of the adjacent 
nucleotide, or any double-stranded molecule comprised of two such single-stranded 
molecules held together by hydrogen bonds. 

Promoter : refers to a DNA sequence that initiates transcription of an associated DNA 
sequence. The promoter region may also include elements that act as regulators of gene 
expression such as activators, enhancers, and/or repressors and may include all or part of 
the 5' non-translated region. 

Protein, Polypeptide or peptide: are used herein interchangeably and are amino acid 
residues connected by peptide linkages. 

Recombinant DNA molecule : a combination of DNA sequences that are joined together 
using recombinant DNA technology. 

Recombinant DNA technology : procedures used to join together DNA sequences as 
described, for example, in Sambrook et al., 1989, Cold Spring Harbor, NY: Cold Spring 
Harbor Laboratory Press. 

Screenable marker gene : refers to a gene whose expression does not confer a selective 
advantage to a transformed cell, but whose expression makes the transformed cell 
phenotypically distinct from untransformed cells. 
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Selectable marker gene : refers to a gene whose expression in a plant cell gives the cell a 
selective advantage. The selective advantage possessed by the cells transformed with the 
selectable marker gene may be due to their ability to grow in the presence of a negative 
selective agent, such as an antibiotic or a herbicide, compared to the growth of non- 
transformed cells. The selective advantage possessed by the transformed cells, compared 
to non-transformed cells, may also be due to their enhanced or novel capacity to utilize an 
added compound as a nutrient, growth factor or energy source. Selectable marker gene 
also refers to a gene or a combination of genes whose expression in a plant cell in the 
presence of the selective agent, compared to the absence of the selective agent, has a 
positive effect on the transformed plant cell and a negative effect on the un-transformed 
plant cell, for example with respect to growth, and thus gives the transformed plant cell a 
positive selective advantage. 

Sequence identity : the percentage of sequence identity is determined using computer 
programs that are based on dynamic programming algorithms. Computer programs that are 
preferred within the scope of the present invention include the BLAST (Basic Local 
Alignment Search Tool) search programs designed to explore all of the available sequence 
databases regardless of whether the query is protein or DNA. Version BLAST 2.0 (Gapped 
BLAST) of this search tool has been made publicly available on the Internet (currently 
http://www.ncbi.nlm.nih.gov/BLAST/). It uses a heuristic algorithm, which seeks local as 
opposed to global alignments and is therefore able to detect relationships among 
sequences, which share only isolated regions. The scores assigned in a BLAST search 
have a well-defined statistical interpretation. Said programs are preferably run with optional 
parameters set to the default values. 

Transformation : refers to the introduction of a nucleic acid into a cell. In particular, it refers 
to the stable integration of a DNA molecule into the genome of an organism of interest. 

The present invention relates to lipoxygenase genes, and to promoters, transit peptides and 
proteins derived therefrom. Preferred are lipoxygenase genes that are chemically induced, 
but not by pathogens or wounding. In particular, said lipoxygenase genes are from rice. 
Such lipoxygenase genes, or portions or fragments therefrom, can be obtained, for 
example, by a PCR-based strategy. For this, known lipoxygenase coding sequences, for 
example, from rice (Peng et al. (1 994) J. Biol Chem. 269, 3755-3761 ; Ohta et al. (1 992) 
Eur. J. Biochem. 206, 331-336) and from wheat (Gorlach et al. (1996) Plant Cell. 8, 629- 
643) are aligned to identify conserved regions using computer programs known in the art. 
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By this method, several conserved regions are identified, one of which is near the C- 
terminus and contains the amino acid sequence HAAVNFG that is invariant in all three 
sequences. Then, total RNA or polyA + RNA is isolated from untreated control leaves and 
from leaves sprayed with a 100 ppm INA solution and harvested 24 and 48 hours after 
treatment. 

The RNA samples are used as templates for RT-PCR using the degenerate oligonucleotide 
5'-CAYGCNGTNAANTTYGG-3' (SEQ ID NO:8), which corresponds to the HAAVNFG 
amino acid sequence motif in the C-terminal region of the rice RLL2 lipoxygenase (Peng et 
al. (1994) J. Biol. Chem. 269, 3755-3761), as the forward primer and an anchored oligo-dT 
primer as the reverse primer (5'-AATGCI I 1 1 I I I I I I I I I I IV-3', SEQ ID NO:9). When this 
method is performed with total RNA or polyA* RNA from rice, a PCR product of 
approximately 600 bp arises on ethidiumbromide stained agarose gels only in the INA- 
treated sample but not in the control. Those of skill in the art know that the size of the band 
can be smaller or larger, depending on the organism from which the RNA is isolated. The 
obtained band can be cloned and sequenced and used as a probe to screen cDNA or 
genomic libraries to obtain full-length lipoxygenase cDNA or genomic clones by methods 
known in the art. Upon screening a rice cDNA library constructed from INA-treated leaves, a 
full-length rice lipoxygenase cDNA clone of 3018 bp in length is obtained (SEQ ID NO:5). 
This cDNA clone, designated RCI-1 (rice chemically induced cDNA 1), contains an open 
reading frame of 2766 bp (from base 48 to base 2816 of SEQ ID NO:5) encoding a protein 
of 922 amino acid residues with a predicted Mr of 105 kDa (SEQ ID NO:7). To those with 
skill in the art it is known that the obtained cDNA clone can be larger or smaller, depending 
on whether the clone is full-length or not, on the length of the 5' and 3* untranslated region, 
and on the organism from which the library is constructed. 

When the RCI-1 cDNA is used as a probe in Northern blot analyses with RNA from 
chemically treated leaves, such as leaves treated with INA, BTH, probenazole or jasmonic 
acid, a strong hybridization signal is observed, indicating the accumulation of RCI-1 mRNA. 
No such mRNA accumulation is observed when RNA from wounded or pathogen-treated 
leaves is used. This is surprising, as wounding is known to increase endogenous levels of 
jasmonic acid in rice and induces increased systemic protection against rice blast infection 
(Schweizer et al. (1998) Plant J. 14, 475-481; Schweizer et al. (1997) Plant Physiol. 114, 
79-88). The lipoxygenase of the present invention however is not induced by pathogens 
such as the rice blast fungus Magnaporthe grisea nor the bacterial pathogen Pseudomonas 
syringae pv. syringae. This indicates that the promoter region of the corresponding gene 
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must contain regulatory elements that confer a chemically, but not wound- or pathogen 
inducible expression pattern to an associated coding sequence. 
The protein encoded by the RCI-1 cDNA is most similar to the barley LOX2:Hv:1 (60% 
identity and 68% similarity). Sequence identity (similarity) at the amino acid level are 43% 
(52%) for the rice lipoxygenase L-2 predominately found in kernels and seedlings (Ohta et 
al. (1 992) Eur. J. Biochem. 206, 331-336) and 50% (58%) for the Magnaporthe grisea- 
induced rice lipoxygenase RLL2 (Peng et al. (1994) J. Biol. Chem. 269, 3755-3761). DNA 
sequences embraced by the present invention are those that hybridize to the RCI-1 cDNA 
clone (SEQ ID NO:5) under stringent conditions and whose coding sequences have at least 
65%, preferably 75%, more preferably 85 % and most preferably 95% amino acid sequence 
identity to the protein depicted in SEQ ID NO:7 and encode a protein with lipoxygenase 
activity. 

The lipoxygenase cDNA of the present invention can be expressed in E. coli or in any other 
expression system suitable to express eukaroytic sequences by methods known in the art. 
The expressed protein is then analyzed and, optionally, purified. All these methods are 
known to a person skilled in the art. When an extract of E. coli cells expressing a cDNA of 
the present invention is analyzed, increased LOX activity using linoleic acid as a substrate 
is detected, while control extracts of E. coli without expression construct or containing the 
empty vector do not have detectable LOX activity. Maximal activity is observed around pH 8 
to 9, indicating that RCI-1 must be classified as a type 1 LOX (Siedow (1991) Ann. Rev. 
Plant Physiol. Plant MoL Biol. 42, 145-188). However, it should be noted that recently a 
second classification based on the presence of a plastomic transit peptide was introduced 
(Shibata et al. (1994) Plant MoL Biol Rep. 12, 41-42). According to this scheme, RCI-1 
must be classified as a type 2 LOX. 

When the reaction products of the recombinant lipoxygenase of the present invention are 
analyzed by HPLC (Bohland et al. (1997) Plant Physiol. 114, 679-685), (1 3S)-hydroperoxy- 
(9Z, 1 1 E, 1 52)-octadecatrienoic acid (1 3-HPOD) is the predominant product, irrespective of 
whether linoleic acid or linolenic acid serves as a substrate for the enzyme. (9S)- 
hydroperoxy-(10E, 12Z, 15Z) octadecatrienoic acid (9-HPOD) is only detected in minor 
amounts. Reaction products derived from 1 3-HPOD have been reported to act as 
antimicrobial substances against Magnaporthe grisea (Shimura et al., (1981) Agric Biol 
Chem 45: 1431-1435; Shimura et al (1983) Agric Biol Chem 47: 1983-1989). This indicates 
that the lipoxygenase of the present invention, in particular RCI-1 LOX, is involved in the 
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generation of fatty acid derivatives that may act as signals or exhibit direct antimicrobial 
activity (reviewed in Slusarenko, A. J. (1996) The role of lipoxygenase in resistance to 
infection. In Lipoxygenase and Lipoxygenase Pathway Enzymes (Piazza, G. J., ed) pp. 176- 
197. American Oil Chemists Society Press, Champaign, Illinois). In one particular 
embodiment, the lipoxygenase of the present invention is suited to eliminate or substantially 
reduce the activity of fungal mycotoxins, which include, but are not limited to aflatoxins and 
their precursor sterigmatocystin, citrinin, fungal tremorgens, lupinosis, ochratoxins, patulin, 
rubratoxins, sporidesmin, stachybotyrotoxins, trichothecens and zearalenone, but 
particularly aflatoxin and sterigmatocystin. 

An alignment of the amino acid sequence of the lipoxygenase protein of the present 
invention with the amino acid sequence of other lipoxygenases such as barley LoxA 
(GenBank accession number L35931) or rice L-2 (Swissprot accession number P29250) 
shows that the lipoxygenase of the present invention has a N-terminal extension of between 
30 and 50 amino acid residues. In the case of the rice lipoxygenase RCI-1 that extension is 
about 47 amino acids in length. This N-terminal extension clearly separates this class of 
LOX species from another class that is predominately found in kernels and seedlings and 
that includes LoxA, LoxB, and LoxC from barley (van Mechelen et al. (1999) Plant MoL Biol. 
39 t 1283-1298), and LOX L-2 from rice (Ohta et al (1992) Eur. J. Biochem. 206, 331-336). 
When parts or all of this N-terminal extension is fused to the N-terminal region of a reporter 
gene, the reporter gene is targeted to plastids, in particular to chloroplasts. For example, 
when a chimeric gene is constructed with the first 158 bp of the RCI-1 cDNA (SEQ ID NO:4) 
fused to the 5* end of the coding sequence of the green fluorescent protein (GFP), a 
modified GFP is obtained which contains at its N-terminus the first 37 amino acids of RCI-1 
(SEQ ID NO:6). When said construct is introduced into Arabidopsis tissue, for example, by 
Agrobacterium based transformation system, a strict congruence of GFP fluorescence and 
chlorophyll autofluorescence is observed, indicating that the fusion protein is localized in the 
chloroplasts. Thus, the N-terminal extensions of the lipoxygenase proteins of the present 
invention function as transit peptides to transfer associated proteins to plastids, particularly 
to chloroplasts. 

In addition, the present invention also provides promoters capable of conferring chemically 
inducible, but not wound- or pathogen-inducible expression to an associated nucleotide 
sequence of interest. Preferred are promoter sequences obtainable from the rice 
lipoxygenase gene RCI-1. Nucleotide sequences comprising functional and/or structural 
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equivalents thereof are also embraced by the invention. The present invention thus relates 
to nucleotide sequences that function as promoters of transcription of associated nucleotide 
sequences. The promoter region may also include elements that act as regulators of gene 
expression such as activators, enhancers, and/or repressors and may include the 5' non- 
translated leader sequence of the transcribed mRNA and/or introns and, optionally, exons. 
Chemically inducible, but not wound- or pathogen inducible expression means that the 
nucleotide sequence of interest is preferentially expressed when a chemical compound 
according to the invention is applied, but not upon wounding or exposure to pathogens. 
Thus, the nucleotide sequence according to the invention is useful for chemically inducible, 
but not wound- or pathogen inducible expression of an associated nucleotide sequence of 
interest, which preferably is a coding sequence. It is known to the skilled artisan that the 
associated coding sequence of interest can be expressed in sense or in antisense 
orientation. Further, the coding sequence of interest may be of heterologous or homologous 
origin with respect to the plant to be transformed. In case of a homologous coding 
sequence, the nucleotide sequence according to the invention is useful for ectopic 
expression of said sequence. In one particular embodiment of the invention expression of 
the coding sequence of interest under control of a nucleotide sequence according to the 
invention suppresses its own expression and that of the original copy of the gene by a 
process called co-suppression. 

The promoters of the present invention can be obtained, for example, from rice genomic 
DNA by probing a rice genomic library with a cDNA according to the invention using 
methods known in the art. It is obvious to a person skilled in the art that genomic DNA from 
any other organism, particularly from plants, can be used to obtain a lipoxygenase promoter 
from any organism of interest. This genomic DNA is then sequenced and aligned to the 
cDNA sequence. Basically, all nucleotide sequences upstream of the start codon are 
considered to be part of the lipoxygenase promoter region. In addition, introns and, 
optionally, exons can be added to this region to form a functional promoter that confers 
chemically inducible, but not wound- or pathogen inducible expression to an associated 
coding region. 

In a preferred embodiment of the invention, the lipoxygenase promoter is a component of 
the Ps/I/Ps/I fragment of about 4.5 kb in length from plasmid pBSK+LOX4A which has been 
deposited under accession no DSM 13524. SEQ ID NO:17 depicts the nucleotide sequence 
of the about 4.5 kb Psfi/Ps/i fragment from plasmid pBSK+LOX4A. Other preferred 
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embodiments of the invention are the nucleotide sequences depicted in SEQ ID Nos:18, 19, 
1 , 2 and 3, which are components of the 4.5 kb PsA/PsA fragment as mentioned 
hereinbefore. Another preferred embodiment of the invention comprises nt 1 to nt 1358 of 
the nucleotide sequence depicted in SEQ ID NO:2. 

SEQ ID NO:1 comprises the 5'-end of the 4.5 kb PsA/PsA fragment. This nucleotide 
sequence is 358 nucleotides in length and contains at its 5' end in position 1 to 6 the PsA- 
site. The region between SEQ ID NO:1 and SEQ ID NO:2 of the 4.5 kb PsA/PsA fragment is 
between about 240 and 440 bp in length. The central region of the 4.5 kb PsA/PsA fragment 
is shown in SEQ ID NO:2 and is 2104 bp in length. It contains the putative TATA box 
(position 1261 to 1266 SEQ ID NO:2), the putative start codon (position 1359 to 1361 of 
SEQ ID NO:2), as well as the 5'- untranslated region and nucleotide sequences upstream of 
the putative TATA box. Comparison of the genomic DNA (SEQ ID NO:2) and the cDNA 
(SEQ ID NO:5) shows that the sequences located at position 1312 to 1701 of SEQ ID NO:2 
comprise all or part of exon 1, and the sequences located at position 1702 to 2104 of SEQ 
ID NO:2 are the 5' part of intron 1. The region between SEQ ID NO:2 and SEQ ID NO:3 of 
the 4.5 kb PsA/PsA fragment is between about 85 and 285 bp in length. The 3' end of the 
4.5 kb PsA/PsX\ fragment is shown in SEQ ID NO:3. This sequence depicts a nucleotide 
sequence of 1516 bp in length. It contains, in a 5 1 to 3' direction, the 3* end of intron 1 
(position 1 to 97 of SEQ ID NO:3) followed by exon 2 (position 98 to 366 of SEQ ID NO:3), 
intron 2 (position 367 to 1283 of SEQ ID NO:3) and part of exon 3 (position 1284 to 1516 of 
SEQ ID NO:3). The PsA site is located at position 151 1 to 1516. 

Based on the sequence information given in SEQ ID NOs:1 to 3, the DNA sequences of the 
invention can be obtained, for example, by PCR using plasmid pBSK+LOX4A or genomic 
DNA from rice or any other organism of interest as template. The person skilled in the art 
knows how to arrive at such sequences using methods known in the art. These sequences 
then can be fused to reporter genes to demonstrate promoter activity. For example, 
chimeric genes can be constructed that include part of the 5' regulatory sequence of the 
RCI-1 gene fused to the GFP coding sequence. To this end, pBSK+LOX4A (see Example 
9) can be used as template for the polymerase chain reaction (PCR). Gene-specific primers 
can be designed to amplify the 5* promoter region of the gene. Using combinations of, for 
example, the reverse primer R1 (SEQ ID NO:12) with forward primers F1 (SEQ ID NO:13) 
and F2 (SEQ ID NO:14) the regulatory sequences that are -1.2 kb and -2 kb upstream of 



WO 02/06490 



PCT/EP01/08085 



-15- 

the initiating methionine are isolated. The nucleotide sequence of the PCR fragment 
amplified with forward primer F1 and reverse primer R1 is shown in SEQ ID NO:18, and the 
nucleotide sequence of the PCR fragment amplified with forward primer F2 and reverse 
primer R1 is shown in SEQ ID NO:19. For ease of cloning the primers consist, for example, 
of gene specific sequences and attB recombination sites for the GATEWAY™ cloning 
technology (Life Technologies, GIBCO BRL, Rockville, MD USA). As reverse primer, primer 
R1 can be used, which has the following sequence: 5'- 

CyiAGA4AGC^GGG7 TGACAAATTAAGTTGTCAGTGTG -3 , (SEQ ID NO: 12). The gene 
specific sequence of reverse primer R1 is underlined (corresponds to position 1356 to 1334 
of SEQ ID NO:2), the attB recombination sequence is denoted in italics. Examples for 
forward primers are the primers F1 and F2. Forward primer F1 has the following sequence: 
5'■CA4>^A4/^GCAGGC7 TGTAACATCCTACTCCTATTGTG -3 , (SEQ ID NO:13). The gene 
specific sequence of forward primer F1 is underlined (corresponds to bases 159 to 181 of 
SEQ ID NO:2), the attB recombination sequence is denoted in italics. F1 in combination with 
R1 amplifies a fragment of -1.2 kb. Forward primer F2 has the following sequence: 5'- 
Cy4A>^A4>4GC>4GGC7 CCCCGTCTTTATCTACTC -3 , (SEQ ID NO:14). The gene specific 
sequence of forward primer F2 is underlined (corresponds to bases 31 to 48 of SEQ ID NO: 
1), the attB recombination sequence is denoted in italics. Primer F2 in combination with 
primer R1 amplifies a fragment of -2 kb. 

Using a nested PCR strategy the regulatory sequence can be amplified first with primers 
F1+R1 or F2+R1 followed by a second PCR with primer attB1 

(5'-GGGGACAAGTTTGTACAAAAAAGCAGGCT-3\ SEQ ID NO:15) and primer attB2 
(S'-GGGGACCACTTTGTACAAGAAAGCTGGGT-S', SEQ ID NO:16). Optimal annealing 
temperatures can be determined using a gradient thermocyler (DNA Engine, MJ Research, 
Inc. Waltham, MA USA) and the following PCR conditions with gene-specific primers F1+R1 
or F2+R1 : [(94°C:10sec):(94°C:10sec/45°C to 70°C gradients 0sec/72°C:10sec)X1 5]. 
Following PCR the products can be visualized by gel electrophoresis, and DNA from the 
reaction with the highest Tm giving visible product can be selected for amplification with the 
attB1+attB2 primers. In the subsequent PCR amplification, the following PCR conditions 
can be used: [(94°C:10sec):(94°C:10sec/50°C to 70°C gradient 10sec/72°C:10sec)X15). 
The resulting PCR product are then flanked by attB recombination sites which can be used 
to generate Entry Clones in pENTR via the BP reaction according to manufacturers protocol 
(see: Instruction Manual of GATEWAY™ Cloning Technology, GIBCO BRL, Rockville, MD 
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USA, http://www.Iifetech.com/). The resulting plasmids contain -1.2 kb and ~2 kb 5' of the 
RCI-1 initiation codon and are referred to as pENTR+LOXp1.2, pENTR+LOXp2. 
The regulatory/promoter sequence is then fused to the mGFP-5 reporter gene (MRC 
Laboratory of Molecular Biology, Cambridge, England) by recombination using 
GATEWAY™ Technology according to manufacturers protocol as described in the 
Instruction Manual (GATEWAY™ Cloning Technology, GIBCO BRL, Rockville, MD 
http://www.lifetech.com/). Briefly, according to this protocol the promoter fragment in the 
entry vector is recombined via the LR reaction with a binary Agrobacterium destination 
vector containing the mGFP-5 coding region that has an attR site 5' to the GFP reporter. 
The orientation of the inserted fragment is maintained by the att sequences and the final 
construct is verified by sequencing. The construct is designated pLOXpl .2 promoter::GFP 
or pLOXp2promoter::GFP and can be transformed into Agrobacterium tumefaciens strains 
by electroporation. Any other binary vector can also be modified to accommodate promoter 
fragments of the invention to drive expression of an associated reporter gene. The skilled 
artisan knows how to construct such vectors starting from commercially available binary 
vectors such as, for example pGPTV-BLEO (ATCC number 77392), pBI 121 (Clontech, 
Palo Alto, California), or pCambia 1302 (Cambia, Canberra, Australia). 
Transgenic plants are then produced using, for example, Agrobacterium-medlated 
transformation techniques. Expression of the gene fusion protein can be monitored in 
transformants by confocal imaging using a Leica-TCS confocal laser scanning microscope 
and a PLAPO x100 oil immersion objective (Leica Microsystems, Heidelberg, Germany) with 
the following filter settings: excitation 476/488 nm; GFP-emission 515-552 nm, chlorophyll- 
emission 673-695 nm. GFP fluorescence and chlorophyll autofluorescence are recorded 
simultaneously using independent 2-channel-detection. 

Confocal imaging of leaves from transgenic rice plants expressing the pRCI promoter::GFP 
construct can be carried out to assay promoter activity in response to abiotic and biotic 
inducers. 

It is apparent to the skilled artisan that, based on the nucleotide sequences shown in SEQ 
ID NO:1 to 3, any primer combination of interest can be chosen to PCR amplify DNA 
fragments of various lengths that can be used according to the invention. Thus, any region 
of interest can be amplified from SEQ ID NOs:1 to 3. For example, primers can be designed 
to specifically amplify intron 1 or intron 2 or the 5' upstream region. The 5' upstream region 
is defined herein as the region between the putative TATA box and the putative start codon 
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of the lipoxygenase protein. The skilled artisan also will consider to combine intron 1 and/or 

intron 2 with various parts of SEQ ID NOs:1 , 2 and/or 3, such as to arrive at an DNA 

molecule comprising nt 1702 to nt 2104 of SEQ ID NO:2 and/or nt 1 to nt 97 of SEQ ID 

NO:3 and/or nt 367 to nt 1283 of SEQ ID NO:3 of SEQ ID NO:3. 

Further, it might also be desirable to combine any of these sequences with the 3' 

untranslated region of the lipoxygenase cDNA sequence (position 2817 to 3018 of SEQ ID 

NO:5). 

The invention thus includes fragments derived from the rice RCI-1 lipoxygenase gene that 
function according to the invention, i.e. are capable of conferring chemically induced but not 
wound- or pathogen induced expression of an associated nucleotide sequence. 
This can be tested by generating such promoter fragments, fusing them to a selectable or 
screenable marker gene and assaying the fusion constructs for retention of promoter 
activity in transient expression assays with protoplasts or in stably transformed plants. Such 
assays are within the skill of the ordinary artisan. Preferred nucleic acid molecule fragments 
of the invention are of at least about 500 bases, particularly of between about 1000 bases 
and about 1500 bases, more particularly of about 2000 bases and most particularly of 
between about 3000 bases and about 4500 bases in length. 

It is also clear to the skilled artisan that mutations, insertions, deletions and/or substitutions 
of one or more nucleotides can be introduced into the nucleotide sequences of SEQ ID 
NOs:1, 2 and 3 or longer or shorter fragments derived from the sequence information 
thereof using methods known in the art. In addition, an unmodified or modified nucleotide 
sequence of the present invention can be varied by shuffling the sequence of the invention. 
To test for a function of variant nucleotide sequences according to the invention, the 
sequence of interest is operably linked to a selectable or screenable marker gene and 
expression of the marker gene is tested in transient expression assays with protoplasts or in 
stably transformed plants. It is known to the skilled artisan that nucleotide sequences 
capable of driving expression of an associated nucleotide sequence are build in a modular 
way. Accordingly, expression levels from shorter nucleic acid molecule fragments may be 
different than the one from the longest fragment and may be different from each other. For 
example, deletion of a down-regulating upstream element will lead to an increase in the 
expression levels of the associated nucleotide sequence while deletion of an up-regulating 
element will decrease the expression levels of the associated nucleotide sequence. 
Another way of identifying promoter elements necessary for regulated expression of an 
associated nucleotide sequence is the so-called linker-scanning analysis. Linker-scanning 
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mutagenesis allows for the identification of short defined motifs whose mutation alters the 
promoter activity. Accordingly, a set of linker-scanning mutant promoters fused to the 
coding sequence of the GUS reporter gene or another marker gene can be constructed 
using methods known in the art. These construct are then transformed into Arabidopsis, for 
example, and GUS activity is assayed in several independent transgenic lines. The effect of 
each mutation on promoter activity is then compared to an equivalent number of transgenic 
lines containing an unmutated rice lipoxygenase gene promoter. It is expected, that when a 
motif is mutated that is involved in chemically, but not wound or pathogen-inducible 
expression, that the level of expression of the reporter gene is modified. If, for example, a 
higher average induction of GUS activity by a chemical inducer is detected than the one 
from the control construct most likely a negative regulatory element had been mutated in 
this construct. If, on the other hand, a complete loss of inducibility of GUS activity by a 
chemical regulator according to the invention is observed, most likely a positive regulatory 
element necessary chemical induction has been mutated. In a next step, particularly in the 
case of the putative positive regulatory element, the wild-type sequences corresponding to 
the mutated fragments are fused to a minimal promoter and the newly created promoter is 
tested for the ability to confer regulated expression to an associated marker gene. 

Embraced by the present invention are also functional equivalents of the RCI-1 promoters 
of the present invention, i.e. nucleotide sequences that hybridize under stringent conditions 
to any one of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:17, SEQ ID NO:18 or 
SEQ ID NO:1 9, or to the 4.5 Psll/Psti fragment of plasmid pBSK+LOX4A which has been 
deposited under accession no DSM 13524. A stringent hybridization is performed at a 
temperature of 65°C, preferably 60°C and most preferably 55°C in double strength (2X) 
citrate buffered saline (SSC) containing 0.1% SDS followed by rinsing of the support at the 
same temperature but with a buffer having a reduced SSC concentration. Such reduced 
concentration buffers are typically one tenth strength SSC (0.1 X SSC) containing 0.1% 
SDS, preferably 0.2X SSC containing 0.1% SSC and most preferably half strength SSC 
(0.5X SSC) containing 0.1% SDS. In fact, functional equivalents to all or part of the RCM 
lipoxygenase promoter from other organisms can be found by hybridizing any one of SEQ 
ID NO:1 , SEQ ID NO:2, or SEQ ID NO:3 or the 4.5 Psti/Psti fragment of plasmid 
pBSK+LOX4A which has been deposited under accession no DSM 13524 with genomic 
DNA isolated from an organism of interest, particularly from another monocot. The skilled 
artisan knows how to proceed to find such sequences as there are many ways known in the 
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art to identify homologous sequences from other organisms. Such newly identified DNA 
molecules then can be sequenced and the sequence can be compared to any one of SEQ 
ID NO:1 , SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO: 17, SEQ ID NO:18 or SEQ ID NO:19, or 
to the nucleotide sequence of the 4.5 PsfifPstt fragment of pBSK+LOX4A which has been 
deposited under accession no DSM 13524, and tested for promoter activity. Within the 
scope of the present invention are DNA molecules having at least 75%, preferably 80%, 
more preferably 90%, and most preferably 95% sequence identity to the nucleotide 
sequence of any one of SEQ ID NOs:1 , 2, or 3 over a length of at least 50 nucleotides. The 
percentage of sequence identity is determined using computer programs that are based on 
dynamic programming algorithms. Computer programs that are preferred within the scope 
of the present invention include the BLAST (Basic Local Alignment Search Tool) search 
programs designed to explore all of the available sequence databases regardless of 
whether the query is protein or DNA. Version BLAST 2.0 (Gapped BLAST) of this search 
tool has been made publicly available on the Internet (currently 
http://www.ncbi.nlm.nih.gov/BLAST/). It uses a heuristic algorithm which seeks local as 
opposed to global alignments and is therefore able to detect relationships among 
sequences which share only isolated regions. The scores assigned in a BLAST search have 
a well-defined statistical interpretation. Said programs are preferably run with optional 
parameters set to the default values. 

If desired, the promoters of the present invention can be fused with the nucleotide 
sequence encoding a transit peptide according to the invention for example, by using the 
nucleotide sequence depicted in SEQ ID NO:4, for chemically regulated expression of an 
associated coding region of interest in plastids, particularly in chloroplasts. 

A chemical regulator according to the invention is defined as a substance which regulates 
expression of a gene through a chemically regulatable DNA sequence. The substance, in 
ionic or neutral form, with or without solvating or other complexing molecules or anions, will 
usually be exogenous relative to the system containing the chemically regulatable gene at 
the time regulation is desired. The use of exogenous chemical regulators is preferred 
because of the ease and convenience of controlling the amount of regulator in the system. 
However, the invention also includes the use of endogenous regulators, e.g., chemicals 
whose activities or levels in the system are artificially controlled by other components in, or 
acting on, the system. 
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Chemical regulators according to the invention include benzoic acid, salicylic acid, 
polyacrylic acid and substituted derivatives thereof; suitable substituents include lower alkyl, 
lower alkoxy, lower alkylthio and halogen, but particularly INA, BTH, probenazole, 
jasmonate, and methyl jasmonate. 

An additional group of regulators for the chemically regulatable DNA sequences and 
chimeric genes of this invention is based on the benzo-1 ,2,3-thiadiazole structure and 
includes, but is not limited to, the following types of compounds: benzo-1 ,2,3- 
thiadiazolecarboxylic acid, benzo-1 ,2,3-thiadiazolethiocarboxylic acid, cyanobenzo-1 ,2,3- 
thiadiazole, benzo-1 ,2,3-thiadiazolecarboxylic acid amide, benzo-1 ,2,3-thiadiazolecarboxylic 
acid hydrazide, and derivatives thereof. 

A preferred group of regulators includes, but is not limited to, benzo-1 ,2,3-thiadiazole-7- 
carboxylic acid, benzo-1 ,2,3-thiadiazole-7-thiocarboxylic acid, 7-cyanobenzo-1 ,2,3- 
thiadiazole, benzo-1 ,2,3-thiadiazole-7-carboxylic acid amide, benzo-1 ,2,3-thiadiazole-7- 
carboxylic acid hydrazide, and derivatives thereof. 

Suitable derivatives encompass but are not limited to representatives of said types of 
compounds wherein the benzo-1 ,2,3-thiadiazole moiety is unsubstituted or substituted by 
small substituents normally used in aromatic ring systems of agrochemicals such as lower 
alkyl, lower alkoxy, lower haloalkyl, lower haloalkoxy, lower alkylthio, cyano, nitro and 
halogen. Suitable derivatives further encompass, but are not limited to, representatives of 
said benzo-1 ,2,3-thiadiazole compounds wherein either the carboxylic acid, the 
thiocarboxylic acid, the carboxylic acid amide or the carboxylic acid hydrazide functional 
group is unsubstituted or substituted by aliphatic, araliphatic or aromatic residues. Suitable 
residues encompass, but are not limited to, alkyl (especially lower alkyl), alkoxy (especially 
lower alkoxy), lower alkoxyalkyl, alkoxyalkoxyalkyl, cycloalkyl, cycloalkylalkyl, phenylalkyl 
(especially benzyl), naphthylalkyl, phenoxyalkyl, alkenyl, and alkinyl, wherein the alkyl part 
of the substituent is unsubstituted or substituted by hydroxy, halogen, cyano or nitro, and 
the aromatic part of the substituent is unsubstituted or substituted by small substituents 
normally used in aromatic ring systems in agrochemicals such as lower alkyl, lower alkoxy, 
lower haloalkyl, lower haloalkoxy, lower alkylthio, cyano, nitro and halogen. 
Regulators based on the benzo-1 ,2,3-thiadiazole structure encompass all molecular 
systems capable of releasing the molecule actually acting as the regulator. 
A preferred group of regulators based on the benzo-1 ,2,3-thiadiazole structure includes 
benzo-1 ,2,3-thiadiazoIe-carboxylic acid, alkyl benzo-1 ,2,3-thiadiazolecarboxylate in which 
the alkyl group contains one to six carbon atoms, and substituted derivatives of these 
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compounds. Suitable substituents include lower alkyl, lower alkoxy, lower alkylthio and 
halogen. In particular, benzo-1 ,2,3-thiadiazole-7-carboxylic acid and its alkyl esters, e.g. 
methyl benzo-1 ,2,3-thiadiazoie-7-carboxylate, are preferred inducers for the chimeric DNA 
sequences comprising chemically regulatable DNA sequences isolated from PR protein 
genes. The syntheses of the mentioned chemical regulators and their utility as biocides may 
be discerned from British Patent 1,176,799 and Kirby, P. et al., J. Chem. Soc. C 2250 
(1970). 

Among the preferred species based on the benzo-1 ,2,3-thiadiazole structure there may be 
mentioned, for example, benzo-1 ,2,3-thiadiazole-7-carboxylic acid, methyl benzo-1 ,2,3- 
thiadiazoIe-7-carboxyiate, n-propyl benzo-1 ,2,3-thiadiazoIe-7-carboxylate, benzyl benzo- 
1,2,3-thiadiazole-7-carboxyIate, benzo-1 ,2,3-thiadiazole-7-carboxylic acid sec- 
butylhydrazide, and the like. 

An additional group of regulators for the chemically regulatable DNA sequences of this 
invention is based on the pyridine carboxylic acid structure, such as the isonicotinic acid 
structure and preferably the haloisonicotinic acid structure. Preferred are dichloroisonicotinic 
acids and derivatives thereof, for example the lower alkyl esters. Suitable regulators of this 
class of compounds are, for example, 2,6-dichloroisonicotinic acid, and the lower alkyl 
esters thereof, especially the methyl ester. 

The chemical regulators may be applied in pure form, in solution or suspension, as powders 
or dusts, or in other conventional formulations used agriculturally or in bioreactor processes. 
Such formulations may include solid or liquid carriers, that is, materials with which the 
regulator is combined to facilitate application to the plant, tissue, cell or tissue culture, or the 
like, or to improve storage, handling or transport properties. Examples of suitable carriers 
include silicates, clays, carbon, sulfur, resins, alcohols, ketones, aromatic hydrocarbons, 
and the like. If formulated as a conventional wettable powder or aqueous emulsion, the 
regulator formulation may include one or more conventional surfactants, either ionic or non- 
ionic, such as wetting, emulsifying or dispersing agents. 

The regulators may also be applied to plants in combination with another agent which is 
desired to afford some benefit to the plant, a benefit related or unrelated to the trait 
controlled by any chimeric gene which is regulated by the regulator. For example, a 
regulator can be admixed with a fertilizer and applied just before the expression of a 
transgenic trait unrelated to fertilization is desired. Or it can be combined with a herbicide 
and applied to mitigate the effect of the herbicide at the time when such effect would 
otherwise be at a maximum. 
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As a liquid formulation the regulator may be applied as a spray to plant leaves, stems or 
branches, to seeds before planting or to the soil or other growing medium supporting the 
plant. Regulators can also be used in bioreactor systems, regulation being achieved by a 
single addition of regulator formulation to the reaction medium or by gradual addition over a 
predetermined period of time. 

The regulator is applied in an amount and over a time sufficient to effect the desired 
regulation. A preferred regulator is one which shows no, or only minimal phytotoxic or other 
deleterious effect on the plant, plant tissue or plant cells to which it is applied in the amount 
applied. 

A further aspect of the invention is a process for regulating transcription of a chemically 
inducible, but not wound or pathogen inducible gene, which process comprises applying 
such a chemical regulator to plant tissue, plant or seed containing a chemically regulatable 
nucleotide sequence as described supra. Preferred is such a process wherein the plant 
tissue, plant or seed contains a chemically regulatable nucleotide sequence mentioned 
above as being preferred. 

It is another object of the present invention to provide recombinant nucleic acid molecules 
comprising a promoter according to the invention operably linked to a nucleotide sequence 
of interest. The nucleotide sequence of interest can, for example, code for a ribosomal 
RNA, an antisense RNA or any other type of RNA that is not translated into protein. In 
another preferred embodiment of the invention the nucleotide sequence of interest is 
translated into a protein product. The nucleotide sequence associated with the promoter 
sequence may be of homologous or heterologous origin with respect to the plant to be 
transformed. The sequence may also be entirely or partially synthetic. Regardless of the 
origin, the associated nucleotide sequence will be expressed in the transformed plant in 
accordance with the expression properties of the promoter to which it is linked. In case of 
homologous nucleotide sequences associated with the promoter sequence, the promoter 
according to the invention is useful for ectopic expression of said homologous sequences. 
Ectopic expression means that the nucleotide sequence associated with the promoter 
sequence is expressed in tissues and organs and/or at times where said sequence may not 
be expressed under control of its own promoter. In one particular embodiment of the 
invention, expression of nucleotide sequence associated with the promoter sequence 
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suppresses its own expression and that of the original copy of the gene by a process called 
cosuppression. 

In a preferred embodiment of the invention the associated nucleotide sequence may code 
for a protein that is desired to be expressed in a chemically inducible, but not wound- or 
pathogen inducible fashion. Such nucleotide sequences preferably encode proteins 
conferring a desirable phenotypic trait to the plant transformed therewith. Examples are 
nucleotide sequences encoding proteins conferring antibiotic resistance, virus resistance, 
insect resistance, disease resistance, or resistance to other pests, herbicide tolerance, 
improved nutritional value, improved performance in an industrial process or altered 
reproductive capability. The associated nucleotide sequence may also be one that is 
transferred to plants for the production of commercially valuable enzymes or metabolites in 
the plant. Embraced by the present invention are also selectable or screenable marker 
genes, i.e. genes comprising a nucleotide sequence of the invention operably linked to a 
coding region encoding a selectable or screenable trait. 

Examples of selectable or screenable marker genes are described below. For certain target 
species, different antibiotic or herbicide selection markers may be preferred. Selection 
markers used routinely in transformation include the npfll gene which confers resistance to 
kanamycin, paromomycin, geneticin and related antibiotics (Vieira and Messing, 1982, 
Gene 19: 259-268; Bevan et al., 1 983, Nature 304:184-187) the bacterial aadfk gene 
(Goldschmidt-CIermont, 1991, Nucl. Acids Res. 19: 4083-4089), encoding aminoglycoside 
3'-adenylyltransferase and conferring resistance to streptomycin or spectinomycin, the hph 
gene which confers resistance to the antibiotic hygromycin (Blochlinger and Diggelmann, 
1984, Mol. Cell. Biol. 4: 2929-2931), and the d/ifrgene, which confers resistance to 
methotrexate (Bourouis and Jarry, 1983, EMBO J. 2: 1099-1104). Other markers to be used 
include a phosphinothricin acetyltransferase gene, which confers resistance to the herbicide 
phosphinothricin (White et al., 1990, Nucl. Acids Res. 18: 1062; Spencer et al. 1990, Theor. 
Appl. Genet. 79: 625-631), a mutant EPSP synthase gene encoding glyphosate resistance 
(Hinchee et al., 1988, Bio/Technology 6: 915-922), a mutant acetolactate synthase (ALS) 
gene which confers imidazolione or sulfonylurea resistance (Lee et al., 1988, EMBO J. 7: 
1241-1248), a mutant psbA gene conferring resistance to atrazine (Smeda et al., 1993, 
Plant Physiol. 103 : 911-917), or a mutant protoporphyrinogen oxidase gene as described in 
EP 0 769 059. Selection markers resulting in positive selection, such as a phosphomannose 
isomerase gene, as described in patent application WO 93/05163, are also used. 
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Identification of transformed cells may also be accomplished through expression of 
screenable marker genes such as genes coding for chloramphenicol acetyl transferase 
(CAT), p-glucuronidase (GUS), luciferase (LUC), and green fluorescent protein (GFP) or 
any other protein that confers a phenotypically distinct trait to the transformed cell. 
It is a further objective of the invention to provide recombinant expression vectors 
comprising a nucleotide sequence of the invention fused to an associated nucleotide 
sequence of interest. In these vectors, foreign nucleic acid molecules can be inserted into a 
polylinker region such that these exogenous sequences can be expressed in a suited host 
cell which may be, for example, of bacterial or plant origin. For example, the plasmid pBI101 
derived from the Agrobacterium tumefaciens binary vector pBIN1 9 allows cloning and 
testing of promoters using beta-glucuronidase (GUS) expression signal (Jefferson et al, 
1987, EMBO J 6: 3901-3907). The size of the vector is 12.2 kb. It has a low-copy RK2 origin 
of replication and confers kanamycine resistance in both bacteria and plants. There are 
numerous other expression vectors known to the person skilled in the art that can be used 
according to the invention. 

It is a further objective of the present invention to provide transgenic plants comprising the 
recombinant DNA sequences of the invention. The invention thus relates to plant cells, to 
plants derived from such cells, to plant material, to the progeny and to seeds derived from 
such plants, and to agricultural products with improved properties obtained by any one of 
the transformation methods described below. Plants transformed in accordance with the 
present invention may be monocots or dicots and include, but are not limited to, rice, maize, 
wheat, barley, rye, sweet potato, sweet corn, bean, pea, chicory, lettuce, cabbage, 
cauliflower, broccoli, turnip, radish, spinach, asparagus, onion, garlic, pepper, celery, 
squash, pumpkin, hemp, zucchini, apple, pear, quince, melon, plum, cherry, peach, 
nectarine, apricot, strawberry, grape, raspberry, blackberry, pineapple, avocado, papaya, 
mango, banana, soybean, tomato, sorghum, sugarcane, sugar-beet, sunflower, rapeseed, 
clover, tobacco, carrot, cotton, alfalfa, potato, eggplant, cucumber, Arabidopsis thaliana, 
and woody plants such as coniferous and deciduous trees. Preferred plants to be 
transformed are rice, maize, wheat, barley, cabbage, cauliflower, pepper, squash, melon, 
soybean, tomato, sugar-beet, sunflower or cotton, but especially rice, maize, wheat, 
Sorghum bicolor, orchardgrass, sugar beet and soybean. The recombinant DNA sequences 
of the invention can be introduced into the plant cell by a number of well-known methods. 
Those skilled in the art will appreciate that the choice of such method might depend on the 
type of plant which is targeted for transformation, i.e., monocot or dicot. Suitable methods of 
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transforming plant cells include microinjection (Crossway et al., 1986, Bio Techniques 
4:320-334), electroporation (Riggs and Bates, 1986, Proc. Natl. Acad. ScL, USA 83:5602- 
5606), Agrobacterium-mediated transformation (Hinchee et al M 1988, Bio/Technology 
6:915-922; EP 0 853 675), direct gene transfer (Paszkowski et al., 1984, EMBO J. 3:2717- 
2722), and ballistic particle acceleration using devices available from Agracetus, Inc., 
Madison, Wisconsin and Dupont, Inc., Wilmington, Delaware (see, for example, US Patent 
No. 4,945,050 and McCabe et al., 1988, Bio/Technology 6:923-926). The cells to be 
transformed may be differentiated leaf cells, embryogenic cells, or any other type of cell. 
In the direct transformation of protoplasts, the uptake of exogenous genetic material into a 
protoplast may be enhanced by the use of a chemical agent or an electric field. The 
exogenous material may then be integrated into the nuclear genome. The previous work is 
conducted in dicot tobacco plants, which resulted in the foreign DNA being incorporated 
and transferred to progeny plants (Paszkowski et al., 1984, EMBO J. 3:2712-2722; Potrykus 
et al., 1985, Mol. Gen. Genet 199:169-177). Monocot protoplasts, for example, of Triticum 
monococcum, Lolium multiflorum (Italian rye grass), maize, and Black Mexican sweet corn, 
are transformed by this procedure. An additional preferred embodiment is the protoplast 
transformation method for maize as disclosed in EP 0 292 435, as well as in EP 0 846 771 . 
For maize transformation also see Koziel et al., 1993, Bio/Technology 11:194-200. 
Transformation of rice can be carried out by direct gene transfer techniques utilizing 
protoplasts or particle bombardment. Protoplast-mediated transformation is described for 
Japonica-types and Indica-types (Zhang et al., 1988, Plant Cell Rep., 7:379-384; 
Shimamoto et al., 1989, Nature 338:274-276; Datta et al., 1990, Bio/Technology 8:736- 
740). Both types described above are also routinely transformable using particle 
bombardment (Christou et al., 1991, Bio/Technology 9:957-962). Patent application No. EP 
0 332 581 describes techniques for the generation, transformation and regeneration of 
Pooideae protoplasts. These techniques allow the transformation of all Pooideae plants 
including Dactylis and wheat. Furthermore, wheat transformation is described in patent 
application No. EP 0 674 715; and by Weeks et al., 1993 (Plant Physiol. 102:1077-1084). 
The thus-constructed plant expression vector can, for example, be introduced into the calli 
of rice according to the conventional plant transformation method, and the differentiation of 
roots and leaves is induced therefrom, and then, can be transferred to a flowerpot for 
cultivation, thereby obtaining the transformed rice. 
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The plants resulting from transformation with the DNA sequences or vectors of the present 
invention will express a nucleotide sequence of interest throughout the plant and in most 
tissues and organs. 

The genetic properties engineered into the transgenic plants described above are passed 
on by sexual reproduction or vegetative growth and can thus be maintained and propagated 
in progeny plants. Generally said maintenance and propagation make use of known 
agricultural methods developed to fit specific purposes such as tilling, sowing or harvesting. 
Specialized processes such as hydroponics or greenhouse technologies can also be 
applied. Use of the advantageous genetic properties of the transgenic plants according to 
the invention can further be made in plant breeding that aims at the development of plants 
with improved properties such as tolerance of pests, herbicides, or stress, improved 
nutritional value, increased yield, or improved structure causing less loss from lodging or 
shattering. The various breeding steps are characterized by well-defined human 
intervention such as selecting the lines to be crossed, directing pollination of the parental 
lines, or selecting appropriate progeny plants. Depending on the desired properties different 
breeding measures are taken. The relevant techniques are well known in the art and include 
but are not limited to hybridization, inbreeding, backcross breeding, multiline breeding, 
variety blend, interspecific hybridization, aneuploid techniques, etc. Hybridization 
techniques also include the sterilization of plants to yield male or female sterile plants by 
mechanical, chemical or biochemical means. Cross pollination of a male sterile plant with 
pollen of a different line assures that the genome of the male sterile but female fertile plant 
will uniformly obtain properties of both parental lines. Thus, the transgenic plants according 
to the invention can be used for the breeding of improved plant lines that for example 
increase the effectiveness of conventional methods such as herbicide or pesticide treatment 
or allow to dispense with said methods due to their modified genetic properties. Alternatively 
new crops with improved stress tolerance can be obtained that, due to their optimized 
genetic "equipment", yield harvested product of better quality than products that were not 
able to tolerate comparable adverse developmental conditions. 

It is another objective of the present invention to provide nucleotide sequences that can be 
used to express a nucleotide sequence of interest in a desired organism. Such molecules 
are commonly referred to as "promoters." This organism can be a bacterium, a plant or any 
other organism of interest. 

Furthermore, the disclosure of SEQ ID NOs:1 to 3 enables a person skilled in the art to 
design oligonucleotides for polymerase chain reactions which attempt to amplify DNA 
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f ragments from templates comprising a sequence of nucleotides characterized by any 
continuous sequence of 15 and preferably 20 to 30 or more base pairs in SEQ ID NOs:1, 2, 
or 3. Said nucleotides comprise a sequence of nucleotides which represents 15 and 
preferably 20 to 30 or more base pairs of SEQ ID NOs:1, 2, or 3. Polymerase chain 
reactions performed using at least one such oligonucleotide and their amplification products 
constitute another embodiment of the present invention. 

BRIEF DESCRIPTION OF THE SEQUENCES IN THE SEQUENCE LISTING 



SEQ ID NO:1 


part ot the 5 upstream sequence ot ine nee hoi-i gene 


SEQ ID NO:2 


pan ot tne nee noi-i gene inciuuing puicmve imim uua cuiu 




putative start codon 


SEQ ID NO:3 


part ot tne nee hum gene inciuomg pan ot miron i , exon ^, 




intron 2 and part of exon 3 


SEQ ID NO:4 


nucleotide sequence ot tne nee lipoxygenase noi-i iransii 




peptide 


SEQ ID NO:5 


nucleotide sequence of the rice lipoxygenase RCI-1 cDNA 


SEQ ID NO:6 


amino acid sequence of the rice lipoxygenase RCI-1 transit 




peptide 


SEQ ID NO:7 


deduced amino acid sequence of the rice lipoxygenase RCI-1 




cDNA 


SEQ ID NO:8 


degenerate primer 


SEQ ID NO:9 


anchored oligo dT reverse primer 


SEQ ID NO:10 


forward primer 


SEQ ID NO:11 


reverse primer 


SEQ ID NO:12 


reverse primer R1 


SEQ ID NO:13 


forward primer F1 


SEQ ID NO:14 


forward primer F2 


SEQ ID NO:15 


primer attB1 


SEQ ID NO:16 


primer attB2 


SEQIDNO:17 


nucleotide sequence of the about 4.5 kb Psti/Psti fragment from 




plasmid pBSK+LOX4a 


SEQIDNO:18 


part of the 5' upstream sequence of the rice RCI-1 gene obtained 



by PGR with forward primer F1 and reverse primer R1 
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SEQ ID NO: 19 part of the 5' upstream sequence of the rice RCI-1 gene obtained 

by PCR with forward primer F2 and reverse primer R1 

SEQ ID NO:20 Gateway™ modified pNOV2347 binary Gateway™ destination vector 

with GIG reporter gene 

SEQ ID NO:21 GIG, GUS intron GUS, GUS coding sequence with intron 

SEQ ID NO:22 pNOV6800 binary vector 



Deposit 



Deposited material 


Accession number 


Date of deposit 


pBSK+LOX4A 


DSM 13524 


06.06.2000 


pNOV6800 


NRRL B-30480 


May 25, 2001 



The deposit of pBSK + LOX4A was made with the Deutsche Sammlung von 
Mikroorganismen und Zellkulturen GmbH (DSMZ), Mascheroder Weg 1b, D-38124 
Braunschweig, Deutschland. The deposit of pNOV6800 was made with the Agricultural 
Research Service Culture Collection (NRRL), of the National Center for Agricultural 
Utilization Research, Agricultural Research Service, United States Department of 
Agriculture, 1815 North University Street, Peoria, Illinois 61604 USA. 



Below are illustrative examples of the present invention. The present invention is not to be 
limited in scope by the specific embodiments described which are intended as single 
illustrations of individual aspects of the invention, and any constructs, promoters, transit 
peptides or enzymes which are functionally equivalent are within the scope of this invention. 



EXAMPLES 

Standard recombinant DNA and molecular cloning techniques used here are well known in 
the art and are described, for example, by Sambrook et al., 1989, "Molecular Cloning", Cold 
Spring Harbor, Cold Spring Harbor Laboratory Press, NY and by Ausubel et al.,1994, 
"Current protocols in molecular biology", John Wiley and Sons, New York. 



Example 1: Plant material and treatment 
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Rice plants (Oryza sativa cv. Kusabue) are grown in pots with clay soil that are soaked with 
an iron fertilizer solution (Gesal Pflanzen Tonic, Novartis, Basel, Switzerland) under a 16 h 
light/8 h dark cycle at 25 °C and 80% humidity. 

M. grisea (race 007 and 031 from the Institute of Biochemistry, Faculty of Agriculture, 
Tamagawa University, Machida-shi, Tokyo 194, Japan) is cultivated on oat-meal starch agar 
(30 g I" 1 oat-flakes, 20 g I" 1 agar-agar, 10 g I* 1 starch and 2 g I" 1 yeast extract). After 
incubation at 27 °C for 2 weeks, aerial mycelia are removed with a sterile spatula and 
synchronous sporulation is induced by further incubation under black light (310-360 nm). 
For inoculations the concentration of conidia is adjusted to 1 x 10 6 ml' 1 in a spraying solution 
(1 g I' 1 gelatine, 0.1 % Tween-20). 

Plants are inoculated 12-14 days after sowing by spraying the conidial suspension onto 
the leaves. After an incubation for 24 h in a dark moist chamber (26 °C, approx. 100 % 
relative humidity), plants are kept in a humid atmosphere under the same temperature and 
light regime as described above. 

Plant treatment with the chemical inducers is done 10 days after sowing at the emergence 
of leaf 3. All chemical concentrations are given as ppm (mg active ingredient T 1 of applied 
solution). Probenazole is applied as a 250 ppm solution of the pure substance by soil 
drench as described (Thieron et at. (1 995) Systemic acquired resistance in rice: Studies on 
the mode of action of diverse substances inducing resistance in rice to Pyricularia oryzae. 
Mededelingen Faculteit Landbouwkundige en Toegepaste Biologische Wetenschappen 
Universiteit Gent 60, 421-430). Formulations of BTH (1 :1 (w/w) mixture of active ingredient 
and wettable powder) and INA (1:3 (w/w) mixture of active ingredient and wettable 
granulate) are applied onto leaves by spraying. All controls are done by application of 
spray-solutions without active substance. Jasmonic acid is applied as a 1 mM solution in 
ethanol as described (Schweizer et al. (1997) Plant Physiol. 114, 79-88). Wounding and 
measurement of gene expression in systemic tissue is done according to (Schweizer et al. 
(1 998) Plant J. 14, 475-481 ). 

Example 2: cDNA library construction 

Total RNA is extracted from rice leaves treated with 100 ppm INA and harvested after 24 
and 48 hours. PolyA + -RNA is prepared as described in Example 2 and equal amounts from 
both time points are pooled. A cDNA library is constructed using the lambda Zap Express 
cDNA Synthesis Kit (Stratagene, La Jolla, CA) according to the manufacturer's instructions. 
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Example 3: Cloning of the rice lipoxygenase cDNA RCI-1 

A. Cloning of a rice lipoxygenase cDNA fragment by PCR 

A PCR-based strategy is used to generate a lipoxygenase cDNA fragment from INA-treated 
rice leaves. By aligning two lipoxygenase sequences from rice (Peng et al. (1994) J. Biol. 
Chem. 269, 3755-3761; Ohta et al. (1992) Eur. J. Biochem. 206, 331-336) and one from 
wheat (Gorlach et al. (1996) Plant Cell. 8, 629-643), several conserved regions are 
identified, one of which is near the C-terminus and contains the amino acid sequence 
HAAVNFG that is invariant in all three sequences. 

Total RNA is extracted as described (Dudler & Hertig (1992) J. Biol. Chem. 267, 5882-5888) 
from untreated control leaves and from leaves sprayed with a 100 ppm INA solution 24 and 
48 hours after treatment. Poly A + -RNA is prepared from total RNA using the quick mRNA 
isolation kit from Stratagene (La Jolla, CA). The polyA + -mRNA samples from the two time 
points are pooled and 1 pg aliquots of poly A + RNA are used as templates for RT-PCR 
using the degenerate oligonucleotide 5 '-CAYGCNGTNAANTTYGG-3 ' (SEQ ID NO:8), 
which corresponds to the HAAVNFG amino acid sequence motif in the C-terminal region of 
the rice RLL2 lipoxygenase (Peng et al. (1994) J. Biol. Chem. 269, 3755-3761) as the 
forward primer and an anchored oligo-dT reverse primer (5'-AATGCTTTTTTTTTTTTTTTV- 
3', SEQ ID NO:9). 

Reverse transcription is done as follows: 
1 pi RNA (1pg/ml) 
8 pi 5x RT-buffer 

4 pi anchored oligo-dT reverse primer (100 pmol/pl) 
4 pi dNTP (10 mM each) 
18 pi H 2 Odepc 

are mixed and incubated at 94°C for 15 min. This is followed by 1h incubation at 42°C. Five 
minutes after the transfer to 42°C, 3 pi AMV-RT (Boehringer)and 2 pi RNAse Inhibitor 
(Boehringer) are added. Reverse transcription is terminated by 5 min incubation at 75°C. 
PCR with reverse transcribed RNA is done as follows: 
3 pi cDNA (see above) 
10 pi 1 0x PCR-buffer 

1 pi anchored oligo-dT reverse primer (100 pmol/pl) 
1 pi degenerate primer (100 pmol/pl) 
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2 \}\ dNTP (10 mM each) 

0,5 \s\ Taq DNA polymerase (Boehringer) 

82,5 pi H 2 0 

are mixed and subjected to the following program: 
1 cycle 94°C/1 5 min 39°C/ 2 min. 72°C/ 3 min 
35 cycle 94°C/30 sec. 39°C/ 30 sec. 72°C/ 1 min 
1 cycle 94°C/1 min 39°C/ 2 min. 72°C/ 1 0 min 

Then, 0,5 pi fresh Taq DNA polymerase are added, and 20 more cycles are performed 
under the conditions given above. 

PCR products derived from treated and untreated leaves are visualized on 
ethidiumbromide-stained agarose gels. A PCR product of approximately 600 bp arises only 
in the INA-treated sample but not in the control. The piece of gel corresponding to the about 
600 bp band present only in the lane with INA-treated probes is cut out. The DNA is 
subsequently eluted from the gel and cloned into the pGEMT easy vector (Promega, Madison, 
USA) and the resultant plasmid designated pKL-5. 

B. cDNA library screening to obtain a full-length rice lipoxygenase cDNA clone 
The 32 P-Iabelled insert of pKL-5 is used as a probe to screen a lambda cDNA library 
constructed from INA-treated rice leaves (see Example 2). Positive clones are purified. The 
one with the largest insert is designated RCI-1 (rice chemically induced cDNA 1) and 
subcloned into the pBK-CMV (Stratagene) phagemid vector by in vivo excision according to 
the instructions of the manufacturer. The resulting plasmid is called pRCM. The RCI-1 
insert is sequenced on both strands by primer walking using CY5-labelled primers and an 
ALF DNA-sequencer (Pharmacia, Uppsala, Sweden). 

The RCI-1 cDNA insert (SEQ ID NO:5) consists of 3018 bp and contains an open reading 
frame of 2766 bp (from base 48 to base 2816 of SEQ ID NO:5) encoding a protein of 922 
amino acid residues (SEQ ID NO:7) with a predicted Mr of 105 kDa. The presumed 
translation initiation site is the first methionine codon in the open reading frame. Sequence 
comparison revealed that the RCI-1 protein was most similar to the barley LOX2:Hv:1 
(Voros et al. (1998) Eur. J. Biochem. 251, 36-44), showing 60% identity and 68% similarity 
at the amino acid level. Sequence similarity (identity) to the two already published rice 
lipoxygenase forms at the amino acid level were 52% (43%) in comparison to L-2 (Ohta et 
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al. (1992) Eur. J. Biochem. 206, 331-336) and 58% (50%) to RLL2 (Peng et al. (1994) J. 
Biol. Chem. 269, 3755-3761), respectively. 

The RCI-1 rice lipoxygenase has an N-terminal extension (SEQ ID NO:6, corresponding to 
amino acid 1 to 36 of SEQ ID NO:7) that is thought to direct this class of proteins to 
plastids, in particular to chloroplasts. This putative chloroplast targeting sequence clearly 
separates this class of lipoxygenase (LOX) species from another class that is predominately 
found in kernels and seedlings and that includes LoxA, LoxB, and LoxC from barley (van 
Mechelen et al. (1 999) Plant Mol Biol 39, 1283-1298), and LOX 1-2 from rice (Ohta et al. 
(1992) Eur. J. Biochem. 206, 331-336). 

Example 4: Southern blot analysis 

Genomic DNA is extracted from rice leaves using a CTAB procedure (Ausubel et al. (1 987) 
Current protocols in molecular biology, Wiley and Sons, New York). Digestion with 
restriction enzymes, electrophoretic separation on agarose gels, and transfer to 
GeneScreen membranes (Dupont NEN, Brussels, Belgium) are performed according to 
standard procedures. Filters are hybridized to a 32 P-labeled probe consisting of an 
EcoRI/H/ndlll fragment of pRCI-1 that contains the first 1280 bp of the RCI-1 cDNA in 1 M 
NaCI, 1% SDS, 10% dextrane sulphate, and 100 pg ml* 1 denatured salmon sperm DNA 
overnight at 68° C. Filters are washed in 0.2 x SSC (1 x SSC is 150 mM NaCI; 15 mM 
sodium citrate); 0.1 % SDS at 65° C. 

When DNA digested with a number of enzymes that do not cut within the sequence of the 
probe is analyzed, one to three bands hybridizing to the probe are detected. This suggests 
that in addition to RCI-1, there is at least one other rice gene that weakly crosshybridizes 
with the probe. 

Example 5: RCI-1 expression studies 

The effect of various stimuli on the abundance of RCI-1 transcripts is investigated using 
RNA gel blot analysis. For this, total RNA is extracted from treated and untreated leaves as 
described (Dudler. & Hertig. (1992) J. Biol Chem. 267, 5882-5888). For gel blot analysis, 10 
pg of total RNA is loaded per slot and separated on formaldehyde agarose gels, transferred 
to GeneScreen membranes, and cross-linked using an UV crosslinker (Amersham, UK). 
Loading of the lanes is monitored by ethidium bromide staining of the gel before transfer. 
Filters are hybridized to a 32 P-labeled probe consisting of an EcoRl/H/ndlll fragment of 
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pRCI-1 that contains the first 1280 bp of the RCI-1 cDNA in 1 M NaCI, 1% SDS, 10% 
dextrane sulphate, and 100 pg ml" 1 denatured salmon sperm DNA overnight at 68° C. Filters 
are washed in 0.2 x SSC (1 x SSC is 150 mM NaCI; 15 mM sodium citrate); 0.1 % SDS at 
65° C. A 528 bp cDNA fragment encoding part of the rice ribosomal Protein L3 (RP-L3, 
accession number D12630) is used as a probe for a constitutively expressed transcript. This 
fragment is fortuitously amplified and cloned together with the partial lipoxygenase clone 
pKL-5. A time course experiment with rice leaves that have been treated with INA is 
analyzed by RNA gel blot analysis. The hybridization signal appears as a distinct band 
corresponding to an RNA of approximately 3200 bp length and a smeared signal of about 
1200 to 1700 bp. By stripping and reprobing the same membrane with a constitutively 
expressed gene (RP-L3), the high quality of the RNA preparation is confirmed. The 
smeared signal thus indicates that RCI-1 transcripts are particularly unstable, perhaps due 
to a high turn-over rate. The time course experiment reveals that RCI-1 transcripts starts to 
accumulate 8 hours after treatment and reaches maximal levels after 24 to 48 h. Similarly, 
treatment with the resistance activator BTH, a functional analogue of INA, also induces RCI- 
1 transcript accumulation as does the application of probenazole (tradename oryzemate), 
which represents a different class of resistance-inducing chemicals (Kessmann et al (1994) 
Ann. Rev. Phytopathol. 32, 439-459). The delayed time course of RCI-1 mRNA 
accumulation in response to probenazole treatment may rather reflect the different mode of 
application, i. e. spraying onto the leaves in case of INA and BTH vs. soil drenching with 
probenazole, respectively, than a difference in signaling. Thus, RCI-1 transcripts 
accumulate upon application of a number of different chemical resistance inducers. In 
contrast, RCI-1 mRNA levels neither increase after inoculation with the non-host pathogen 
P. syringae pv. syringae, a biological inducer of resistance against rice blast (Smith & 
Metraux (1991) PhysioL Mol. Plant Pathol. 39, 451-461), nor upon infection with M. grisea, 
the causal agent of rice blast. 

Furthermore, RCI-1 transcript levels strongly increase 7 to 12 h after spraying of a 1 mM 
jasmonic acid (JA) solution onto rice leaves. Interestingly, wounding, which is known to 
increase endogenous levels of JA in rice and induces increased systemic protection against 
blast infection (Schweizer et al. (1998) Plant J. 14, 475-481; Schweizer et al. (1997) Plant 
PhysioL 1 14, 79-88), does not activate RCI-1 transcription, neither locally nor systemically. 
To investigate whether the observed accumulation of RCI-1 transcripts after treatment with 
chemical inducers correlates with the increase in lipoxygenase (LOX) enzyme activity in rice 
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leaves. To this end LOX activity is measured in the BTH-treated rice leaves that are also 
used for RNA gel blot analyses shown (see above). Consistent with the results of the RNA 
gel blot analysis, a significant increase in enzymatic activity is observed between 24 and 48 
h after BTH treatment. In addition, the BTH dose that is sufficient to trigger RCI-1 transcript 
accumulation also causes an increase in LOX enzyme activity. Both results are compatible 
with the assumption that the increase in enzyme activity is predominantly due to the 
activation of the RCI-1 (and homologous) gene(s). To analyze this hypothesis further, RNA 
derived from BTH-treated rice plants is probed with other rice LOX cDNAs that correspond 
to a pathogen-induced gene {RLL2; Peng et al. (1994) J. Biol. Chem. 269, 3755-3761) and 
a gene expressed in seedlings (L-2; Ohta et al. (1992) Eur. J. Biochem. 206, 331-336). In 
contrast to RCI-1 mRNA, RLL2 and L-2 transcripts do not accumulate after treatment with 
INA, BTH, and probenazole. 

Example 6: Expression of RCI-1 in E. coli 

The RCI-1 coding region is placed under the control of an IPTG-inducible promoter of an E 
coli expression vector. More specifically, the RCI-1 cDNA is cloned into the pDS56/RBSII, 
Sph\ expression vector (Stuber et al. (1990) System for high-level production in Escherichia 
coli and rapid purification of recombinant proteins: Applications to epitope mapping, 
preparation of antibodies, and structure-function analysis. In Immunological Methods 
(Levkovits, I. & Pernis, B., eds) pp. 121-152. Academic Press, New York) from which the 
unique Psfl site is eliminated by Ps/I digestion and religation after blunting the sticky ends 
using T4 DNA polymerase. The new vector is named pDS56/RBSII, Sph\ (-Psfl). An Sph\ 
site is introduced at the translation initiation site of the RCI-1 cDNA by PCR amplification of 
a 146 bp RCI-1 fragment using the forward primer 5 , -GTCA GC4TGC TCACGGCCAC-3 l 
(SEQ ID NO:10; the Sph\ site is underlined; the translation initiation codon is given in italics) 
and the reverse primer 5'- CATTGACGACCTCCGACAAG-3' (SEQ ID NO:1 1), which 
anneals downstream of an internal Xho\ site (nucleotide position 149 of SEQ ID NO:5). The 
amplified fragment is cut with Sph\ and Xho\ and ligated together with the 2.3 kb 
Xho\/BamH\ fragment containing the middle part of the RCI-1 cDNA (nucleotide position 149 
to 2468 of (SEQ ID NO:5) in a single reaction into pDS56/RBSII, Sph\ (-Psfl) that has been 
digested with Sph\ and BamHl The resulting vector (pExprl) is checked by restriction 
analysis. pExprl is then cut with Psfl (at position 891 in the top strand of the cDNA insert, 
corresponding to base 891 of SEQ ID NO:5) and Sa/I (in the multiple cloning site of 
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pDS56/RBSII, Sph\ (-Psfl) downstream of the insert), and the resulting cDNA fragment is 
replaced with the corresponding PsfilXho\ fragment of pRCI-1 (Xhol cleaves in the multiple 
cloning site downstream of the cDNA insert). The resulting construct (pExprRCI-1), which 
contains the complete RCI-1 coding region under the control of an IPTG-inducible promoter, 
is subsequently transformed into M15 E. coli cells (Stuber et al. (1990) System for high-level 
production in Escherichia coli and rapid purification of recombinant proteins: Applications to 
epitope mapping, preparation of antibodies, and structure-function analysis. In 
Immunological Methods (Levkovits, I. & Pernis, B., eds) pp. 121-152. Academic Press, New 
York). 

Production of recombinant RCI-1 protein is induced by addition of 1 mM IPTG (final 
concentration) to a 250 ml E. coli M15 culture grown to an OD 6 oo of 1 and further incubation 
on a shaker overnight at 19°C. The cells are harvested by centrifugation (5000 g, 10 
minutes) and resuspended in 5 ml lysis buffer (50 mM Na-phosphate buffer pH 7.5 
containing 1 mg 1-1 lysozyme). After a 30 minute incubation on ice, the lysate is centrifuged 
(12000 g, 15 minutes) and the pellet is transferred into a mortar and ground in extraction 
buffer (0.1 M K-phosphate buffer pH 7, 30 mg polyvinyl-poly-pyrrolidone, 1 mM EDTA). 
After centrifugation, the clear supernatant is used as an enzyme preparation for further 
biochemical analysis. 

SDS-PAGE analysis of extracts of E. coli transformed with this construct reveals a novel 
protein with a molecular mass of about 103 kDa which is recognized by a LOX specific 
antibody on a western-blot. This size is compatible with the predicted value of 105 kDa (see 
Example 3). 

Example 7: Biochemical analysis of RCI-1 lipoxygenase activity 

Lipoxygenase activity is measured at 30°C photospectrometrically at 234 nm using linoleic 
acid as a substrate and 5-20 pi from the recombinant RCI-1 enzyme extract (Bohland et al. 
(1997) Plant Physiol. 114, 679-685). For determination of the pH optimum, different buffers 
with overlapping pH ranges (pH 4-6: 0.1 M Na-acetate; pH 6-8: 0.1 M Na-phosphate; pH 8- 
10: 0.1 M Tris-HCI) are used. The molar extinction coefficient of the reaction product, 2.5 x 
10 7 cm' 1 mol" 1 , is used for the calculation of the enzyme activity. 
Crude extracts of these bacteria exhibit increased LOX activity using linoleic acid as a 
substrate, while control extracts of E. coli without expression construct or containing the 
empty vector do not have detectable LOX activity. Maximal activity is observed around pH 8 
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to 9, indicating that RCI-1 must be classified as a type 1 LOX (Siedow (1991) Ann. Rev. 
Plant Physiol. Plant Mol. Biol. 42, 145-188). However, it should be noted that recently a 
second classification based on the presence of a plastomic transit peptide is introduced 
(Shibata et al. (1994) Plant Mol Biol. Rep. 12, 41-42). According to this scheme, RCI-1 
must be classified as a type 2 LOX. 

The products of the enzymatic activity of the RCI-1 protein are analyzed by HPLC (Bohland 
et al. (1997) Plant Physiol. 114, 679-685). Approximately 0.2 nkat enzyme activity obtained 
from recombinant RCI-1 protein is incubated with 50 pi substrate solution (10 pi of linoleic or 
a-linolenic acid, respectively; 20 pi ethanol, 20 pi H 2 0) in 2 ml 0.1 M Tris-HCI pH 8.8 for 20 
min. at 30°C. The reaction is stopped by lowering the pH to 3.0 with diluted HCI, and the 
hydroperoxides are extracted with 1 ml of CHCI 3 followed by two washes with water. The 
reaction products are subjected to HPLC-analysis (4-pm. particle size, Suprasphere-Si, 4.6 x 
125 mm; Merck, Darmstadt, Germany). Isocratic elution is performed with hexane:2- 
propanol:acetonitrile:acetic acid (98.3:1 .5:0.1 :0.1 , v/v/v/v) at a flow rate of 1 ml min* 1 . 
Products are detected at 234 nm and standards are obtained from Biomoi (Hamburg, 
Germany) or prepared from linoleic or a-linolenic acid by incubation with soybean 
lipoxygenase, respectively, as described (Bohland et al. (1997) Plant Physiol 114, 679- 
685). 

When the reaction products of recombinant RCM are analyzed by HPLC, (13S)- 
hydroperoxy-(9Z, 1 1E, 1 5Z)-octadecatrienoic acid (13-HPOD) is the predominant product, 
irrespective of whether linoleic acid or linolenic acid served as a substrate for the enzyme. 
(9S)-hydroperoxy-(10E, 12Z, 15Z) octadecatrienoic acid (9-HPOD) is only detected in minor 
amounts. 

Example 8: RCI-1 transit peptide;;GFP reporter-gene construction and transformation 

A chimeric gene is constructed that encodes a fusion protein containing the N-terminal 37 
amino acids of the RCI-1 protein (SEQ ID NO:6) followed by four amino acids resulting from 
the cloning procedure followed by GFP sequence. To this end, pRCI-1 (see Example 3 B) is 
digested with Xho\, which cuts the top strand after position 149 of the cDNA insert 
(corresponds to base 149 of SEQ ID NO:5) and in the multiple cloning site downstream of 
the insert, and religated. The resulting plasmid contains the first 158 bp of the RCI-1 cDNA, 
since the nucleotide sequence of the vector downstream of the cloning site is identical to 
base 150 to base 158 of SEQ ID NO:5. This plasmid is referred to as pRCI158. Its insert 
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comprising the transit peptide cDNA (SEQ ID N0:4) is cleaved out with EcoRI and Xba\, 
which both cut in the multiple cloning site, and the sticky ends are blunted by filling them in 
with Klenow enzyme. The blunted fragment is cloned into the filled-in and dephosphorylated 
Spel cloning site of the binary pCambia 1302 vector (Cambia, Canberra, Australia), which 
contains the mGFP-5 coding region (MRC Laboratory of Molecular Biology, Cambridge, 
England). The correct orientation of the inserted fragment is checked by restriction digestion 
and the final construct is verified by sequencing. The construct is designated pRCI transit 
peptide::GFP and transformed into the Agrobacterium tumefaciens strain LBA 4404 by 
triparental mating. Transformation of Arabidopsis leaf cells is achieved by infiltration of 
Agrobacterium into intact leaves of Arabidopsis thaliana, ecotype Wassiljewskija (Ws), 14 
days after germination according to Kapila et al. (1997) (Plant ScL 122, 101-108).. 
Expression of the fusion protein is monitored 2 days after transformation by confocal 
imaging using a Leica-TCS confocal laser scanning microscope and a PLAPO x100 oil 
immersion objective (Leica Microsystems, Heidelberg, Germany) with the following filter 
settings: excitation 476/488 nm; GFP-emission 515-552 nm, chlorophyll-emission 673-695 
nm. GFP fluorescence and chlorophyll autofluorescence are recorded simultaneously using 
independent 2-channel-detection. 

Confocal imaging of leaves from transgenic Arabidopsis plants expressing the pRCI transit 
peptide::GFP construct reveals a strict congruence of GFP fluorescence and chlorophyll 
autofluorescence, indicating that the fusion protein is localized in the chloroplasts. 

Example 9: Cloning of the RCI-1 promoter region 

A. Screening of a A,-DASH genomic DNA library of rice 

A A,-DASH \\/BamH\ DNA library representing genomic DNA derived from Oryza sativa cv. 
Norin plants is constructed according to the protocol of Stratagene (La Jolla, USA). The titer 
of the library is determined to be 2.12 x 10 10 pfu/ml. Screening of the library is carried out 
following the protocol of Stratagene. The library is plated on four 530 cm 2 bio-assay dishes 
(Nalge Nunc Int., Naperville, USA) containing NZY agar. The density is adjusted to 150'000 
pfu/plate and plating is carried out with E coli XL1-blue MRA (Stratagene, La Jolla, USA) as 
a host strain according to the protocol of Stratagene. The plaques are transferred onto a 
nylon membrane (Hybond™N 0.45 ^m, Amersham, Uppsala, Sweden) and the DNA is 
crosslinked in a UV crosslinker (Amersham, Uppsala, Sweden). A 900 bp Pstf-fragment 
representing the 5'-prime end of the rice RCI-1 lipoxygenase cDNA clone pRCI-1 (SEQ ID 
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NO:5) is labeled with and hybridized overnight at 65°C to the plaque lifts according to 
standard procedures (Maniatis et a/., 1982). Two additional rounds of screening resulted in 
a positive X-clone (XLOX4). 

B. Subcloning of the putative LOX promoter region 

Liquid lysate DNA preparations of the ^,-clone are prepared according to standard 
procedures and analyzed by digestion with the Pst\ restriction enzyme and gel 
electrophoresis on a 0.6 % (w/v) agarose gel. Southern blotting and subsequent 
hybridization of the membrane to the 900 bp Psfl-fragment of the RCI-1 cDNA are done 
according to standard procedures. A strong band corresponding to a 4.5 kb fragment of 
XLOX4 is detected. The 4.5 kb DNA fragment is subcloned into a pBluescript/SK+ vector 
(Stratagene, La Jolla, USA). Transformation of E. coli strain DH5cc cells is done according to 
standard procedures and transformants are selected on LB Agar containing Ampicillin (100 
jag/ml). This resulting clone is designated pBSK+LOX4A. Clone pBSK+LOX4A is deposited 
with the DSMZ (Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH on June 
6, 2000 with accession number DSM 13524. Clone pBSK+LOX4A contains the RCI-1 
lipoxygenase promoter on a 4.5 kb Psfl/Pstl fragment and is further analyzed by DNA 
sequencing. Clone pBSK+LOX4A comprises, in a 5' to 3' direction, the nucleotide 
sequences depicted in SEQ ID NOs:1, 2 and 3. SEQ ID NO:1 comprises the 5'-end of the 
4.5 kb PsH/PsA fragment. This nucleotide sequence is 358 nucleotides in length and 
contains at its 5' end in position 1 to 6 the Psfl-site. The region between SEQ ID NO:1 and 
SEQ ID NO:2 of the 4.5 kb Pst\/P$1\ fragment is between about 240 and 440 bp in length. 
The central region of the 4.5 kb Psti/Pstl fragment is shown in SEQ ID NO:2 and is 2104 bp 
in length. It contains the putative TATA box (position 1261 to 1266 SEQ ID NO:2) f the 
putative start codon (position 1359 to 1361 of SEQ ID NO:2), as well as the 5* untranslated 
region and nucleotide sequences upstream of the putative TATA box. Comparison of the 
genomic DNA (SEQ ID NO:2) and the cDNA (SEQ ID NO:5) shows that the sequences 
located at position 1312 to 1701 of SEQ ID NO:2 comprise all or part of exon 1 , and the 
sequences located at position 1702 to 2104 of SEQ ID NO:2 are the 5' part of intron 1 . The 
region between SEQ ID NO:2 and SEQ ID NO:3 of the 4.5 kb Psti/Pstl fragment is between 
about 85 and 285 bp in length. The 3* end of the 4.5 kb Psti/Psti fragment is shown in SEQ 
ID NO:3. This sequence depicts a nucleotide sequence of 1516 bp in length. It contains, in 
a 5' to 3' direction, the 3' end of intron 1 (position 1 to 97 of SEQ ID NO:3) followed by exon 
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2 (position 98 to 366 of SEQ ID NO:3), intron 2 (position 367 to 1283 of SEQ ID NO:3) and 
part of exon 3 (position 1284 to 1516 of SEQ ID NO:3). The Ps/I site is located at position 
1511 to 1516. 

Example 10: Plasmid amplification and DNA sequencing of the clone pBSK+LOX4A 

Transformants are grown at 37°C in a 50 ml over-night culture of LB Medium containing 
Ampicillin (100 jig/ml). Ceils are harvested and plasmid DNA is extracted using the Jetstar 
Midi plasmid extraction kit (Genomed GmbH, Bad Oeynhausen, Germany). 
Sequencing of the clone pBSK+LOX4A is carried out by the chain termination method 
(Maniatis et a/. (1 982) Molecular Cloning. A Laboratory Manual. Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor). Sequencing reactions are performed the BigDye™ 
terminator cycle sequencing kit (Perkin-Elmer Corp M Norwalk, Connecticut) according to the 
instructions of the manufacturer and the sequences are determined with a 373 DNA- 
sequencer (Applied Biosystems, Foster City, California). They are assembled and analyzed 
using the Wisconsin Sequence Analysis package (Genetics Computer Group, Madison, 
Wisconsin). Ambiguities are clarified by comparison with the corresponding 
electropherogram print. SEQ ID NO:1 corresponds to the 5' end, SEQ ID NO:2 to the middle 
and SEQ ID NO:3 to the 3' end of the 4.5 kb insert of pBSK+LOX4A. 

Example 11: Preparation of a CaMV 35S promoter:: RCI-1 cDNA construct 

The starting plasmid is the plant binary vector pB1 121 (Clontech, Palo Alto, California), 
which contains the GUS reporter gene under the control of the CaMV 35S promoter. The 
GUS reporter gene is removed from pBI 121 and replaced with the RCI-1 cDNA. To this 
end, pB1 121 is digested with the restriction enzyme Sst I, and the sticky ends are filled in 
with dNTPs and T4 DNA polymerase according to standard procedures. After cutting with 
Sma I, the vector fragment is separated from the GUS reporter gene by agarose gel 
electrophoresis and religated. This vector is named pB1 121 (-GUS). pB1 121 (-GUS) is cut 
with Bam HI, the sticky ends are blunted by filling them in with dNTPs and T4 DNA 
polymerase, and the RCI-1 cDNA fragment is ligated into this vector, after it has been cut 
out of pRCI-1 with Eco Rl and Xba I and its sticky ends have been blunted with dNTPs and 
T4 DNA polymerase. After transformation into £ co//, plasmid is prepared from a number of 
colonies. The orientation of the RCI-1 fragment is checked by restriction digestion using 
Xba I, which cuts immediately upstream of the insert, and Bam HI, which cuts the top strand 
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of the RCI-1 cDNA after nucleotide 2688. The correct orientation results in a fragment of 
approx. 2700 bp in length, the wrong orientation in a fragment of approx. 350 bp. Then a 
plasmid which contains the RCI-1 cDNA in the correct orientation, i. e. such that the filled in 
Eco Rl site is next to the CaMV 35S promoter, is selected and designated 
p35Spromoter::RCI-1cDNA. For Agrobacterium mediated transformation, the plasmid is 
transformed into the Agrobacterium tumefaciens strain LBA 4404 by electroporation. 

Example 12: Transformation of rice 

The transformed Agrobacterium tumefaciens strain is grown for 3 days in the AB liquid 
medium supplemented with 30 mg/L hygromycin B and 3 mg/L tetracycline, and it is co- 
cultivated with three-week-old calli which are induced from the scutellum of mature seeds in 
the N6 medium (Chu, C.C. et al„ Sci, Sin., 18, 659-668(1975)) containing 2 mg/L 2,5-D, on 
the 2N6-As medium supplemented with 1 mM betaine (Hiei, Y. et al., Plant J., 6, 271- 
282(1994)) in darkness at 25 °C for 2-3 days. The co-cultivated calli are washed with sterile 
water containing 100 mg/L cefotaxime, and again incubated on an N6 medium containing 
40 mg/L hygromycin and 250 mg/L cefotaxime for 3 weeks. Actively growing hygromycin- 
resistant calli are transferred onto the selection medium [for example, MS media (Life 
Technologies) + 0.2 mg/L NAA (naphthalene acetic acid) + 2 mg/L kinetin + 2% sorbitol + 
1 .6% phytagar (Gibco) + 50 mg/L hygromycin B + 250 mg/L cefotaxime], and then 
cultivated for 2-3 weeks under continuous light condition of 40 pmol m" 2 s" 1 . The thus- 
obtained plantlets are potted and grown in a growth chamber under 1 0h light/1 4h dark 
condition to obtain transgenic rice plants. 

Example 13: Transformation of maize 

Type I embryogenic maize callus cultures (Green et al, Miami Winter Symposium 20,1983) 
are initiated from immature embryos, 1 .5 - 2.5 mm in length, from greenhouse grown 
material. Embryos are aseptically excised from surface-sterilized ears approximately 14 
days after pollination. Embryos may be placed on D callus initiation media with 2% sucrose 
and 5 mg/L chloramben (Duncan etal t Planta 165: 322-332,1985) or onto KM callus 
initiation media with 3% sucrose and 0.75 mg/L 2,4-d (Kao and Michayluk, Planta 126:105- 
110, 1975). Embryos and embryogenic cultures are subsequently cultured in the dark. 
Embryogenic responses are removed from the explants after -14 days. Embryogenic 
responses from D callus initiation media are placed onto D callus maintenance media with 
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2% sucrose and 0.5 mg/L 2,4-d while those from KM callus initiation media are placed onto 
KM callus maintenance media with 2% sucrose and 5 mg/L Dicamba. After 3 to 8 weeks of 
weekly selective subculture to fresh maintenance media, high quality compact embryogenic 
cultures are established. Actively growing embryogenic callus pieces are selected as target 
tissue for gene delivery. The callus pieces are plated onto target plates containing 
maintenance medium with 12% sucrose approximately 4 hours prior to gene delivery. The 
callus pieces are arranged in circles, with radii of 8 and 10 mm from the center of the target 
plate. 

Plasmid DNA containing the promoter-RCI-1-cDNA construct or a RCI-1 -promoter-reporter 
gene construct is precipitated onto gold microcarriers as described in the DuPont Biolistics 
manual. Two to three \ig of each plasmid is used in each 6 shot rnicrocarrier preparation. 
Genes are delivered to the target tissue cells using the PDS-1000He Biolistics device. The 
settings on the Biolistics device are as follows: 8 mm between the rupture disc and the 
macrocarrier, 10 mm between the macrocarrier and the stopping screen and 7 cm between 
the stopping screen and the target. Each target plate is shot twice using 650 psi rupture 
discs. A 200 X 200 stainless steel mesh (McMaster-Carr, New Brunswick, NJ) is placed 
between the stopping screen and the target tissue. 

Seven days after gene delivery, target tissue pieces are transferred from the high osmotic 
medium to selection media. For selection using the BAR gene, target tissue pieces are 
placed onto maintenance medium containing 1 00 mg/L glufosinate ammonium (Basta®) or 
20 mg/L bialaphos (Herbiace®). All amino acids are removed from the selection media. 
After 5 to 8 weeks on these high level selection media, any growing callus is subcultured to 
media containing 3-20 mg/L Basta®. 

For selection using the Mannose Phosphate Isomerase gene, target tissues are placed on 
their respective maintenance media containing no sucrose and 1 % mannose. The amino 
acids are not removed from these media. After 5 to 8 weeks, growing callus is either 
subcultured to D callus maintenance medium containing no sucrose and 1.5% mannose or 
KM callus maintenance medium containing 1% sucrose and 0.5% mannose. Embryogenic 
callus growing on selection media is subcultured every 2 weeks for 4 to 8 weeks until 
enough callus is produced to generate 10-20 plants. Tissue surviving selection from an 
original target tissue piece is subcultured as a single colony and designated as an 
independent transformation event. 
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At that point, colonies selected on Basta® are transferred to a modified MS medium 
(Murashige and Skoog, Physiol. Plant, 15:473-497, 1962) containing 3% sucrose (MSS) 
with no selection agent and placed in the light. Either 0.25 mg/L ancymidol and 0.5 mg/L 
kinetin are added to this medium to induce embryo germination or 2 mg/L benzyl adenine is 
added. Colonies selected using mannose are transferred onto a modified MS medium 
containing 2% sucrose and 1 % mannose (MS2S + 1 M) with the ancymidol and kinetin 
additions described above or a modified MS medium containing 2% sucrose and 0.5% 
mannose (MS2S + 0.5M) with the benzyl adenine addition described above. 
Regenerating colonies from Basta® selection are transferred to MS3S media without 
ancymidol and kinetin or benzyl adenine after 2 weeks. Regenerating colonies from 
mannose selection are transferred to MS2S + 1M and MS2S + 0.5M media respectively 
without hormones after 2 weeks. Regenerating shoots with or without roots from all colonies 
are transferred to Magenta boxes containing MS3S medium and small plants with roots are 
eventually recovered and transferred to soil in the greenhouse. 

Plants are tested for expression of the PMI gene using a modified 48-well chlorophenol red 
assay where the media contains no sucrose and 0.5% mannose. Leaf samples (-5 mm x 5 
mm) are placed on this assay media and grown in the dark for -72 hours. If the plant is 
expressing the PMI gene, it can metabolize the mannose and the media will turn yellow. If 
not, the media will remain red. 

Transformation events have also been created using Type I callus obtained from immature 
zygotic embryos using standard culture techniques. For gene delivery, approximately 300 
mg of the Type i callus is prepared by subculturing to fresh media 1 to 2 days prior to gene 
delivery, selecting target tissue pieces and placing them in a ring pattern 10 mm from the 
center of the target plate on medium again containing 12% sucrose. After approximately 4 
hours, the tissue is bombarded using the PDS-1000/He Biolistic device from DuPont. The 
plasmids to be transformed are precipitated onto 1 (im gold particles using the standard 
protocol from DuPont. Genes are delivered using two shots per target plate at 650 psi. 
Approximately 1 6 hours after gene delivery the callus is transferred to standard culture 
medium containing 2% sucrose with no selection agent. At 12 or 13 days after gene 
delivery, target tissue pieces are transferred to selection media containing 40 mg/l 
phosphinothricin as either Basta or bialaphos. The callus is subcultured on selection for 12 
to 16 weeks, after which surviving and growing callus is transferred to standard 
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regeneration medium containing 3 mg/l phosphinothricin as Basta for the production of 
plants. 

Example 14: Transformation of soybean 

Protoplasts of Glycine max are prepared by the methods as described by Tricoli et al. t 1986 
(Plant Ceil Rep. 5: 334-337), or Chowhury and Widholm, 1985 (Plant Cell Rep. 4: 289-292), 
or Klein et aL, 1 981 (Planta 152: 1 05-1 1 4). The protoplast suspension is distributed as 1 ml 
aliquots into plastic disposable cuvettes. For transformation, 10 pg of DNA is added in 10 pi 
sterile distilled water and sterilized as described by Paszkowski et aL, 1984 (EMBO J. 3: 
2717-2722). The solution is mixed gently and then subjected at room temperature (24 to 
28°C) to a pulse of 400 Vcm* 1 with an exponential decay constant of 10 ms from a BTX- 
Transfector 300 electroporation apparatus using the 471 electrode assembly. 

The above is repeated with one or more of the following modifications: 

(1) The voltage used is 200 Vcm" V or between 100 Vcm' 1 and 800 Vcm' 1 

(2) The exponential decay constant is 5 ms, 15 ms or 20 ms 

(3) 50 pg of sheared calf thymus DNA in 25 pi sterile water is added together with the 
plasmid DNA 

(4) The plasmid DNA is linearized before use by treatment with an appropriate restriction 
enzyme (e.g. BamHI) 

The protoplasts are cultured as described in Klein et aL, 1981 (Planta 152: 105-1 14), 
Chowhury and Widholm, 1985 (Plant Cell Rep. 4: 289-292), or Tricoli et aL, 1986 (Plant Cell 
Rep. 5: 334-337), without the addition of alginate to solidify the medium. 

Example 15: Transformation of cotton 

Agrobacterium strains containing the binary vectors for transformation that are constructed 
by standard methods are grown 18 to 24 hours in glutamate salts media adjusted to pH 5.6 
and supplemented with 0.15% mannitol, 50 pg/ml kanamycin, 50 pg/ml spectinomycin and 
1 mg/ml streptomycin before they are diluted to an OD 600 of 0.2 in the same media without 
the antibiotics. The bacteria are then grown for three to five hours before dilution to an 
OD600 of 0.2 to 0.4 and then used for inoculation of discs cut from surface sterilized cotton 
seeds. 

The cotton seeds are soaked 20 min in 10% chlorox and rinsed with sterile water. The 
seeds are germinated on 0.7% water agar in the dark. The seedlings are grown for one 
week before inoculation of the bacteria onto the cotyledon surface. 
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The inoculated cotyledons are allowed to form callus before they are cut and placed on 
0.7% agar containing MS salts, 3% sucrose, 100 pg/ml carbenicillin, and 100 pg/ml 
mefoxim. The callus is transferred to fresh media every three weeks until sufficient quantity 
is obtained for 4 plates. Half of the callus growing from the virulent Agrobacterium strains is 
transferred to media without hormones containing 50 pg/ml kanamycin. 

Example 16: Aspergillus flavus/Aflatoxin Disease Assay 

Inoculum Production and Inoculation Protocol: 

Inoculum is an equal mixture of conidia from four highly virulent isolates of Aspergillus 
flavus. Each isolate is grown separately in petri dishes on potato-dextrose agar for 12 to 16 
days at 28 C with 12h light. Cultures, including media, are blended with distilled water and 
filtered through double layered cheese cloth. Conidial concentrations are estimated using a 
hemacytometer and adjusted with distilled water. Two drops of Tween 20 per 100 ml are 
added as a surfactant. Conidial suspensions are prepared immediately prior to use and 
stored on ice while transporting from the lab to the field. 

Primary ears of each plant are inoculated 20-24 days at the midsilk growth stage (50 
percent of the ears with emerged silks) with a spore suspension of 1 X 10 s conidia/ml using 
a pin-board inoculator [Plant Disease (1 994) 78:778-781 ]. 
Ear Rot Rating and Aflatoxin Analysis: 

Forty to forty-five days after inoculation, ears are husked and a visual disease severity 
rating of 1 to 9 (1= no disease, 9= 90-100 percent infected) is made for each inoculated ear 
and averaged for each plot. 

If necessary, ears are dried by forced air and shelled. Kernels for each plot are bulked and 
subsampled for mycotoxin analysis. 

The subsamples are ground with a Romer Mill (Model 2A) and analyzed for total aflatoxin by 
thin layer chromatography using standard AOAC methods. 

Example 17: Construction of plant transformation vectors containing 5'-promoter 
fragments operably linked to GUS or GFP reporter genes 

To produce promoter::reporter fusions, pBSK+LOX4A (see Example 9) is used as template 
for the polymerase chain reaction (PCR). Gene-specific primers are used to amplify the 5' 
promoter region of the gene. Using combinations of the reverse primer R1 (SEQ ID NO:12) 
with forward primers F1 (SEQ ID NO:13) and F2 (SEQ ID NO:14) the regulatory sequences 
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that are ~1 .2 kb and ~2 kb upstream of the initiating methionine are isolated. The nucleotide 
sequence of the PCR fragment amplified with forward primer F1 and reverse primer R1 is 
shown in SEQ ID NO:18, and the nucleotide sequence of the PCR fragment amplified with 
forward primer F2 and reverse primer R1 is shown in SEQ ID NO:19. For ease of cloning 
the primers consist of gene specific sequences and attB recombination sites for the 
GATEWAY™ cloning technology (Life Technologies, Invitrogen Corporation, Carlsbad, 
California USA). As reverse primer, primer R1 is used, which has the following sequence: 
S'-C^AGyM^GCrGGG TTGACAAATTAAGTTGTCAGTGTG -S' (SEQ ID NO:12), The gene 
specific sequence of reverse primer R1 is underlined (corresponds to position 1356 to 1334 
of SEQ ID NO:2), the attB recombination sequence is denoted in italics. Forward primers 
are the primers F1 and F2. Forward primer F1 has the following sequence: 5'- 
CAAAAAA GC>3 GGC7 TGTAACATCCTACTCCTATTGTG -3' (SEQ ID NO:13). The gene 
specific sequence of forward primer F1 is underlined (corresponds to bases 159 to 181 of 
SEQ ID NO:2) F the attB recombination sequence is denoted in italics. F1 in combination with 
R1 amplifies a fragment of -1 .2 kb. Forward primer F2 has the following sequence: 5'- 
CAAAAAAGCAGGC TCCCCGTCTTTATCJACTC -V (SEQ ID NO:14). The gene specific 
sequence of forward primer F2 is underlined (corresponds to bases 31 to 48 of SEQ ID NO: 
1), the attB recombination sequence is denoted in italics. Primer F2 in combination with 
primer R1 amplifies a fragment of -2 kb. 

Using a nested. PCR strategy the regulatory sequence is amplified first with primers F1+R1 
or F2+R1 followed by a second PCR with primer attB1 

(5 , -GGGGACAAGTTTGTACAAAAAAGCAGGCT-3\ SEQ ID NO:15) and primer attB2 
(5'-GGGGACCACTTTGTACAAGAAAGCTGGGT-3\ SEQ ID NO:16). The following PCR 
conditions are used with gene-specific primers F1+R1 or F2+R1: 
((94°C:15min):(94X:10sec^53 o C:10sec/72 0 C:1min)Xl5:(72 o C:2min)). Following PCR the 
products are used in a second PCR reaction for amplification with the attB1+attB2 primers. 
In the subsequent PCR amplification, the following PCR conditions are used: 
((94 0 C:15sec):(94°C:15sec/68°C:2min,15sec)X25:( 68°C:3min). The resulting PCR product 
are then flanked by attB recombination sites and are used to generate Entry Clones in 
pDONR201 via the BP reaction according to manufacturers protocol (see: Instruction 
Manual of GATEWAY™ Cloning Technology, GIBCO BRL, Rockville, MD USA, 
http://www.lifetech.com/). The resulting plasmids contain -1 .2 kb and -2 kb 5' of the RCI-1 
initiation codon and are referred to as pENTR+LOXpl .2,' pENTR+LOXp2. 
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1 . Produced entry vector constructs 

• pENTR+LOX1 .2 (pDONR201 + 1 .2kb promoter fragment flanked by att recombination 
sequences) 

• pENTR+LOX2 (pDONR201 +2kb promoter fragment flanked by att recombination 
sequences) 

These entry vectors are used to construct a binary promoter::reporter plasmid for maize or 
rice transformation. The regulatory/promoter sequence is fused to the GUS reporter gene 
(Jefferson et al, 1987, EMBO J 6: 3901-3907) or to GFP by recombination using 
GATEWAY™ Technology according to manufacturers protocol as described in the 
Instruction Manual (GATEWAY™ Cloning Technology, GIBCO BRL, Rockville, MD 
http://www.lifetech.com/). Briefly, according to this protocol the promoter fragment in the 
entry vector is recombined via the LR reaction with a binary Agrobacterium destination 
vector containing the GUS coding region with intron or GFP that have an attR site 5' to the 
GUS or GFP reporter gene (pNOV2347 or pNOV2361 , respectively). The orientation of the 
inserted fragment is maintained by the att sequences and the final construct is verified by 
sequencing. The construct is then transformed into Agrobacterium tumefaciens strains by 
electroporation. 

pNOV2347 and pNOV2361 are binary vectors with VS1 origin of replication, a copy of the 
Agrobacterium virG gene in the backbone and a Maize Ubiquitin promoter- PMI gene-nos 
terminator expression cassette between the left and right borders of T-DNA. PMI 
(phosphomannose isomerase) is the coding region of the E.coli manA gene (Joersbo and 
Okkels, 1996, Plant Cell Reports 16:219-221, Negrotto et al., 2000, Plant Cell Reports 
19:798-803). The nos (nopaline synthase) terminator is obtained from Agrobacterium 
tumefaciens T-DNA (Depicker et al., 1982, J. Mol. Appl. Genet. 1 (6), 561-573). The maize 
ubiquitin promoter, the phosphomannose isomerase coding region and the nos terminator 
are located at nt 41 14 to nt 5114, nt 6192 to nt 7295 and nt 7356 to 7604 respectively, of 
pNOV2347 (SEQ ID NO: 20). pNOV2361 is identical to pNOV2347, except that pNOV2361 
has a GFP instead of a GUS reporter gene. The reporter-promoter cassettes are inserted 
closest to the right border. The selectable marker expression cassette in the binary vectors 
is closest to the left border. The vector contains GATEWAY™ recombination components 
which were introduced into the binary vector backbone by ligating a blunt-ended cassette 
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containing attR sites, ccdB and chloramphenicol resistance marker using the GATEWAY™ 
Vector Conversion System (LifeTechnologies, www.lifetech.com .). The GATEWAY™ 
cassette is located between nt 2351 and 4050 (complementary) of pNOV2347 and between 
nt 9201 and 10910 of pNOV2361 . The promoter cassettes are inserted through an LR 
recombination reaction (LifeTechnologies, www. lit etech . com . ) whereby the DNA sequence 
of pNOV2347 between nt 2351 and nt 4050 is removed and replaced with the LOX 
promoter fragment flanked by att sequences. The recombination results in the promoter 
sequence fused to the GFP or GUS reporter gene with intron (GIG) sequence. The GIG 
gene contains the ST-LS1 intron from Solanum tuberosum at nt 385 to nt 576 of GUS (SEQ 
ID NO:21) (obtained from Dr. Stanton Gelvin, Purdue University, and described in 
Narasimhulu, et al 1996, Plant Cell, 8: 873-886.). Shown below are the orientations of the 
selectable marker and promoter-reporter cassettes in the binary vector constructs. 

2. Produced constructs for stable transformation 

• pNOV6800 (RB nos + GIG gene + LOX1 .2 promoter fragment - ZmUbi + PMI gene + 
nos LB) 

• pNOV6801 (RB LOX1 .2 promoter fragment + GFP gene + nos-ZmUbi + PMI gene + nos 
LB) 

The nucleotide sequence of pNOV6800 is depicted in SEQ ID NO:22. pNOV6800 and 
pNOV6801 differ only in the expression cassette located between the right and left borders 
of the binary vector. 

3. Constructs used for comparison 

• pNOV21 10 (RB ZmUbi Promoter + GFP gene + nos-ZmUbi + PMI gene + nos LB) 

• pNOV 3640(RB nos-GlG-ZmUbi promoter nos-AtPPOdm-ZmUbi promoter LB) 

GUS - Intron - GUS, GFP and polyA fragments are identical to those used for the LOX 
promoter constructs above. The ZmUbi promoter corresponds to the fragment from base 12 
to base 2009 in pNOV2110 and contains promoter, Exonl and Intronl of the Maize 
Ubiquitin gene. The AtPPOdm sequence encodes a mutated form of the protophorinogen 
oxidase protein which confers resistance to herbicides (PPO inhibitors) that normally 
inactivate the enzyme (US patent no. 5,939,602). 
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Example18: Agrobacterium-medlaXed transformation of Maiz 

Transformation of immature maize embryos is performed essentially as described in 
Negrotto et al., (2000) Plant Cell Reports 19: 798-803. For this example, all media 
constituents are as described in Negrotto et al., supra. However, various media constituents 
described in the literature may be substituted. 

1 . Transformation plasmids and selectable marker 

The genes used for transformation are cloned into a vector suitable for maize 
transformation as described in Example 17. Vectors used contain the phosphomannose 
isomerase (PMI) gene (Negrotto et al. (2000) Plant Cell Reports 19: 798-803) as a 
selectable marker. 

2. Preparation of Aarobacterium tumefaciens 

Agrobacterium strain LBA4404 (pSB1) containing the plant transformation plasmid is grown 
on YEP (yeast extract (5 g/L) f peptone (10g/L), NaCI (5g/L),15g/l agar, pH 6.8) solid 
medium for 2 to 4 days at 28°C. Approximately 0.8 X 10 9 Agrobacteria are suspended in 
LS-inf media supplemented with 100 acetosyringone (As) (LSAs medium) (Negrotto et 
al, (2000) Plant Cell Rep 1 9: 798-803). Bacteria are pre-induced in this medium for 30-60 
minutes. 

3. Inoculation 

Immature embryos from A188 or other suitable maize genotypes are excised from 8-12 
day old ears into liquid LS-inf + 100 \xM As (LSAs). Embryos are rinsed once with fresh 
infection medium. Agrobacterium solution is then added and embryos are vortexed for 30 
seconds and allowed to settle with the bacteria for 5 minutes. The embryos are then 
transferred scutellum side up to LSAs medium and cultured in the dark for two to three 
days. Subsequently, between 20 and 25 embryos per petri plate are transferred to LSDc 
medium supplemented with cefotaxime (250 mg/l) and silver nitrate (1 .6 mg/l) (Negrotto et 
al 2000) and cultured in the dark for 28°C for 10 days. 

4. Selection of transformed cells and regeneration of transformed plants 

Immature embryos producing embryogenic callus are transferred to LSD1M0.5S medium 
(LSDc with 0.5 mg/l 2,4-D instead of Dicamba, 10g/l mannose, 5 g/l sucrose and no silver 
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nitrate). The cultures are selected on this medium for 6 weeks with a subculture step at 3 
weeks. Surviving calli are transferred either to LSD1 M0.5S medium to be bulked-up or to 
Reg1 medium (as described in Negrotto et al., 2000). Following culturing in the light (16 
hour light/ 8 hour dark regiment), green tissues are then transferred to Reg2 medium 
without growth regulators (as described in Negrotto et al. 2000) and incubated for 1-2 
weeks. Plantlets are transferred to Magenta GA-7 boxes (Magenta Corp, Chicago III.) 
containing Reg3 medium (as described in Negrotto et al. 2000) and grown in the light. 
Plants that are PCR positive for the promoter-reporter cassette are transferred to soil and 
grown in the greenhouse. 

EXAMPLE 19: GUS Reporter gene assays 

Promoter activity is evaluated qualitatively and quantitatively using histochemical and 
florescence assays for expression of the B-glucuronidase (GUS) enzyme. 

1. Histochemical B-glucuronidase (GUS) assay 

For qualitative evaluation of promoter activity, various tissues and organs are used in GUS 
histochemical assays. Either whole organs or pieces of tissue are dipped into GUS staining 
solution. GUS staining solution contains 1 mM 5-bromo-4-chloro-3-indolyl glucuronide (X- 
Gluc, Duchefa, 20 mM stock in DMSO), 100 mM Na-phosphate buffer pH 7.0, 10 mM EDTA 
pH 8.0, and 0.1% Triton X100. Tissue samples are incubated at 37*C for 1-16 hours. If 
necessary samples can be cleared with several washes of 70% EtOH to remove 
chlorophyll. Following staining tissues are viewed under a light microscope to evaluate the 
blue staining showing the GUS expression pattern. 

2. B-glucuronidase (GUS) fluorescence assay 

For quantitative analysis of promoter activity in various tissues and organs, GUS expression 
is measured fluorometrically. Tissue samples are harvested and ground in ice cold GUS 
extraction buffer (50mM Na 2 HP0 4 pH 7.0, 5mM DTT, 1mM Na 2 EDTA, 0.1% TritonX100, 
0.1% sarcosyl). Ground samples are spun in a microfuge at 10,000 rpm for 15 minutes at 4 
°C. Following centrifugation the supernatant is removed for GUS assay and for protein 
concentration determination. 

To measure GUS activity the plant extract is assayed in GUS assay buffer (50mM Na 2 HP0 4 
pH 7.0, 5mM DTT, 1mM Na 2 EDTA, 0.1% TritonX100, 0.1% sarcosyl, 1mM 4- 
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Methylumbelliferyl-beta-D-glucuronic acid dihydrate (MUG)), prewarmed to 37 °C. 
Reactions are incubated and 100 \± aliquots are removed at 10 minute intervals for 30 
minutes to stop the reaction by adding to tubes containing 900 |iL of 2% Na 2 C0 3 . The 
stopped reactions are then read on a Tecan Spectroflourometer at 365 nm excitation and 
455 nm emission wavelengths. Protein concentrations are determined using the BCA 
assay following manufacturers protocol. GUS activity is expressed as relative florometric 
units (RFUymg protein. 

EXAMPLE 20: GFP Reporter gene assays 

Promoter activity is evaluated qualitatively using microscopic imaging fluorescence and 
quantitatively using fluorescence assays for expression of the green florescent protein. 

1 . Microscopic evaluation of GFP expression 

Expression of the promoter::GFP fusion is monitored in transformants by microscopic 
imaging using a Leica MzFLIII fluorescence microscope (Leica Microsystems, Heidelberg, 
Germany) with GFP2 and GFP3 filter settings. 

2. Quantitative GFP Fluorometric Assay 

To assay expression of GFP in tissues of transgenic plants, harvested tissue is frozen and 
frozen tissue is ground thoroughly. Following grinding add 300 |iL of extraction buffer (EB; 
10mM Tris-HCL (pH7.5), 100 mM NaCI, 1mM MgCI 2 , 10mM DTT and 0.1% Sarcosyl). 
Vortex well to mix sample, centrifuge for 10 minutes, then transfer the supernatant to a new 
tube or microtitre plate well for reading. The sample tube or plate is then inserted into the 
Tecan Spectroflourometer plate reader set to 465 nm excitation and 512 nm emissions 
wavelengths for 10 flashes and a gain of 100. If the expression levels are too high resulting 
in some of the samples being over the limit (says VALUE in the cell) then parameters are 
changed to 8 flashes and a gain of 80. 

Protein concentrations are determined using the BCA assay following manufacturers 
protocol. GFP activity is expressed as the relative fluorescence units (RFU) per milligram of 
protein. 
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Example 21 : Evaluation of promoter activity 

To evaluate activity of the promoterr.reporter fusion, tissue samples are harvested from 
untreated control plants as well as from plants treated with the chemical activator, BTH or 
jasmonic acid. In transgenic rice treatment with the chemica! inducers is done 10 days after 
sowing T1 seed at the emergence of leaf 3. In transgenic maize treatment with the chemical 
inducers is done three weeks after sowing T1 seed. All chemical concentrations are given 
as ppm (mg active ingredient I" 1 of applied solution). Probenazole is applied as a 250 ppm 
solution of the pure substance by soil drench as described (Thieron et al. (1995) Systemic 
acquired resistance in rice: Studies on the mode of action of diverse substances inducing 
resistance in rice to Pyricularia oryzae. Mededelingen Faculteit Landbouwkundige en 
Toegepaste Biologische Wetenschappen Universiteit Gent 60, 421-430). Formulations of 
BTH (1:1 (w/w) mixture of active ingredient and wettable powder) is applied onto leaves by 
spraying. All controls are done by application of spray-solutions without active substance. 
Jasmonic acid is applied as a 1 mM solution in ethanol as described (Schweizer et al. 
(1997) Plant Physiol. 114, 79-88). Wounding and measurement of gene expression in 
systemic tissue is done according to (Schweizer et al. (1998) Plant J, 14, 475-481). 



Various modifications of the invention in addition to those shown and described herein will 
become apparent to those skilled in the art from the foregoing description and examples. 
Such modifications are intended to fall within the scope of the appended claims. 

Various references and patents have been cited herein, and are all incorporated by 
reference in their entireties. 
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INDICATIONS RELATING TO DEPOSITED MICROORGANISM 
OR OTHER BIOLOGICAL MATERIAL 

(PCTRuIe \3bis) 



A. The indications made below relate to the deposited microorganism or other biological material referred to in the description 
on page 28 , line 10-19 

B. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional sheet Q 
Name of depositary institution 

DEUTSCHE SAMMLUNG VON MIKROORGANISMEN 
UND ZELLKULTUREN GmbH (DSMZ) 



Address of depositary institution (including postal code and country) 



Mascheroder Weg 1b 




D-38124 Braunschweig 




Germany 




Date of deposit 


Accession Number 


06 June 2000 (06.06.00) 


DSM 13524 


C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet | | 



We request the Expert Solution where available. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States) 



E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable) 



The indications listed below will be submitted to the International Bureau later (specify the general nature of 'the indications e.g. t "Accession 
Number of Deposit') 



For receiving Office use only 



| I This sheet was received with the international application 



Authorized officer 



For International Bureau use only 



I I This sheet was received by the International Bureau on: 



Authorized officer 



Form PCTYRO/134 (Julyl998) 
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INDICATIONS RELATING TO DEPOSITED MICROORGANISM 
OR OTHER BIOLOGICAL MATERIAL 

(PCTRule \3bis) 



A. The indications made below relate to the deposited microorganism or other biological material referred to in the description 
on page 28 t line 10*1 9 



B. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional sheet Q 

Name of depositary institution Agricultural Research Service Culture Collection (NRRL) 

National Center for Agricultural Utilization Research 
Agricultural Research Service, United States Department of Agriculture 

Address of depositary institution (including postal code and country) 



1815 North University Street 




Peoria, Illinois 61604 




United States of America (USA) 




Date of deposit 


Accession Number 


25 May 2001 (25.05.01) 


NRRL B-30480 



C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet 



We request the Expert Solution where available. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE Of the indications are not for all designated States) 



E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable) 



The indications listed below will be submitted to the International Bureau later (specify the general nature of the indications eg., "Accession 
Number of Deposit") 



For receiving Office use only 



| | This sheet was received with the international application 



Authorized officer 



For international Bureau use only 



| | This sheet was received by the International Bureau on: 



Authorized officer 



Form PCT/RO/ 134 (July 1 998) 
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What is claimed is: 

1 . An isolated nucleic acid molecule capable of driving chemically-inducible but not 
wound- or pathogen-inducible expression of an associated nucleotide sequence. 

2. The isolated nucleic acid molecule according to claim 1, wherein said nucleic acid 
molecule is a component of the Psfl/Psfl fragment of about 4.5 kb in length from plasmid 
pBSK+LOX4A which has been deposited under accession no DSM 13524, 

3. The isolated nucleic acid molecule according to claim 1 , wherein said nucleic acid 
molecule is a component of the nucleotide sequence depicted in SEQ ID NO:17. 

4. The isolated nucleic acid molecule according to claim 3, wherein said nucleic acid 
molecule is depicted in SEQ ID NO: 18. 

5. The isolated nucleic acid molecule according to claim 3, wherein said nucleic acid 
molecule is depicted in SEQ ID NO:1 9. 

6. The isolated nucleic acid molecule according to claim 1 , wherein said nucleic acid 
molecule comprises the nucleotide sequence depicted in SEQ ID NO:1. 

7. The isolated nucleic acid molecule according to claim 1 , wherein said nucleic acid 
molecule comprises nt 1 to nt 1358 of the nucleotide sequence depicted in SEQ ID NO:2. 

8. The isolated nucleic acid molecule according to claim 1, wherein said nucleic acid 
molecule comprises nt 1702 to nt 2104 of SEQ ID NO:2 and/or nt 1 to nt 97 of SEQ ID NO:3 
and/or nt 367 to nt 1283 of SEQ ID NO:3 of SEQ ID NO:3. 

9. The isolated nucleic acid molecule according to claim 1 or 2, wherein said nucleic acid 
molecule comprises a combination of any one of the nucleotide sequences or portions 
thereof depicted in SEQ ID NO:1 , SEQ ID NO:2 and SEQ ID NO:3. 

10. An isolated nucleic acid molecule which hybridizes under stringent conditions to SEQ 
ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:17, SEQ ID NO:18 or SEQ ID NO:19, or 
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to the 4.5 kb Ps/I fragment of plasmid pBSK+LOX4A which has been deposited under 
accession no DSM 13524, wherein said isolated nucleic acid molecule is capable of driving 
chemically-inducible but not wound- or pathogen-inducible expression of an operably-linked 
nucleotide sequence. 

11. An isolated nucleic acid molecule comprising a consecutive stretch of at least 50 nt of 
SEQ ID NO:1, SEQ ID NO:2 t SEQ ID NO:3 f SEQ ID NO:17, SEQ ID NO:18 or SEQ ID 
NO:19, or of the 4.5 kb Pstl fragment of plasmid pBSK+LOX4A which has been deposited 
under accession no DSM 13524, wherein said isolated nucleic acid molecule is capable of 
driving chemically inducible but not wound- or pathogen-inducible expression of an 
operably-linked nucleotide sequence. 

12. An isolated nucleic acid molecule according to claim 1 1 wherein said consecutive 
stretch of at least 50 nt has at least 70% sequence identity with a consecutive stretch of at 
least 50 nt of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:17, SEQ ID NO:18 or 
SEQ ID NO:19, or of the 4.5 kb Pst\ fragment of plasmid pBSK+LOX4A which has been 
deposited under accession no DSM 13524. 

13. The isolated nucleic acid molecule according to any one of claims 1 to 12, wherein 
the chemical inducer is selected from the group consisting of BTH (benzo(1 ,2,3)thiadiazole- 
7-carbothioic acid S-methyl ester), INA (2,6-dichloroisonicotinic acid) and probenazole. 

14. The isolated nucleic acid molecule according to any one of claims 1 to 12, wherein the 
chemical inducer is jasmonic acid. 

15. A recombinant nucleic acid molecule comprising the isolated nucleic acid molecule 
according to* any one of claims 1 to 14 operably linked to a nucleotide sequence of interest. 

16. The recombinant nucleic acid molecule of claim 15, wherein the nucleotide sequence 
of interest comprises a polypeptide coding sequence. 

17. The recombinant nucleic acid molecule of claim 16, wherein the coding sequence 
comprises at its 5'-end a nucleotide sequence encoding the amino acid sequence depicted 
in SEQ ID NO:6. 
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18. The recombinant nucleic acid molecule of claim 16 or 17 r wherein the coding 
sequence encodes a desirable phenotypic trait. 

19. The recombinant nucleic acid molecule of claim 16, wherein the coding sequence is in 
antisense orientation. 

20. A nucleic acid expression vector comprising the isolated nucleic acid molecule 
according to any one of claims 1 to 14 or the recombinant nucleic acid molecule of any one 
of claims 15 to 19. 

21 . A host cell stably transformed with an isolated nucleic acid molecule according to any 
one of claims 1 to 14 or a recombinant nucleic acid molecule of any one of claims 15 to 19. 

22. The host cell of claim 21 , wherein said host cell is a plant cell. 

23. A plant and the progeny thereof stably transformed with an isolated nucleic acid 
molecule according to anyone of claims 1 to 14 or a recombinant nucleic acid molecule of 
claims 15 to 19. 

24. The plant of claim 23, wherein said plant is selected from the group consisting of 
maize, wheat, sorghum, rye, oats, turf grass, rice, barley, soybean, cotton, tobacco, sugar 
beet and oilseed rape. 

25. Use of the nucleic acid molecule of any one of claims 1 to 14 to express a nucleotide 
sequence of interest. 

26. A method of producing the isolated nucleic acid molecule according to claim 1 , 
wherein the isolated nucleic acid molecule is produced by a polymerase chain reaction 
wherein at least one oligonucleotide used comprises a sequence of nucleotides which 
represents a consecutive stretch of 15 or more nucleotides of SEQ ID NO:1, SEQ ID NO:2 
SEQ ID NO:3, SEQ ID NO:17, SEQ ID NO:18 or SEQ ID NO:19. 
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27. An isolated nucleic acid molecule encoding the amino acid sequence depicted in SEQ 
ID NO:6, wherein said amino acid sequence is capable of targeting an associated protein to 
plastids. 

28. The isolated nucleic acid molecule according to claim 27, wherein said isolated 
nucleic acid molecule is depicted in SEQ ID NO:4. 

29. An isolated nucleic acid molecule which hybridizes under stringent conditions to the 
nucleotide sequence depicted in SEQ ID NO:4. 

30. A peptide encoded by the nucleotide sequence of any one of claims 27 to 29. 

31 . A peptide encoded by the nucleotide sequence of claim 28. 

32. Use of the peptide of claim 30 or 31 to target an associated protein of interest to 
plastids. 

33. An isolated nucleic acid molecule which hybridizes under stringent conditions to SEQ 
ID NO:5, wherein the protein encoded by said DNA has at least 65% amino acid sequence 
identity with the amino acid sequence depicted in SEQ ID NO:7 and encodes a protein with 
lipoxygenase activity. 

34. The isolated nucleic acid molecule according to claim 33 f wherein said nucleotide 
sequence encodes the protein depicted in SEQ ID NO:7. 

35. A protein encoded by the nucleotide sequence of the isolated nucleic acid molecule of 
claim 33 or 34. 

36. A protein encoded by the nucleotide sequence of the isolated nucleic acid molecule of 
claim 34. 

37. Use of the protein according to claim 35 or 36 to inhibit fungal mycotoxins. 
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38. A method of inhibiting fungal mycotoxins in a plant by transforming the plant with 
nucleic acid molecule of claim 33 or 34 and expressing a polypeptide having lipoxygenase 
activity. 

39. A recombinant nucleic acid molecule comprising the nucleic acid molecule according 
to any one of claims 27 to 29 or claims 33 to 34. 

40. A host cell stably transformed with the recombinant nucleic acid molecule of claim 39. 

41 . The host cell of claim 40, wherein said host cell is a plant cell. 

42. A plant and the progeny thereof stably transformed with the recombinant nucleic acid 
molecule of claim 39. 

43. The plant of claim 42, wherein said plant is selected from the group consisting of 
maize, wheat, sorghum, rye, oats, turf grass, rice, barley, soybean, cotton, tobacco, sugar 
beet and oilseed rape. 

44. A seed of the plant and progeny thereof of claim 43. 
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SEQUENCE LISTING 

<110> Syngenta Participations AG 
University of Zurich 

<120> Lipoxygenase Genes, Promoters, Transit Peptides and Proteins Thereof 
<130> A-31484A 

<140> 
<141> 

<150> GB 0017275.9 
<151> 2000-07-13 

<150> GB 0022739.7 
<151> 2000-09-15 

<160> 22 

<170> Patentln Ver . 2.1 

<210> 1 

<211> 358 

<212> DISIA 

<213> Oryza sativa 

<400> 1 

ctgcaggccc agcaaacacg cgtcacacgt ccccgtcttt atctactcgc gcccatcctc 60 
tacttatcta ctcggcctct cctcctccac tactcctcgc ctggtcctcc cctctcctcg 120 
atcccctctt ccccttcccg ggcctctccg tggtggttgg cgcgcggcgg caggcggagg 180 
cgggcggtgg tgcgcggcgg cgtgacataa gcggcgggct gatgggaggg cgggcggcgg 240 
gtggagggga ggatggtggc gggcggatgg gtgggcgaca acgggtgggc ggcagcggga 300 
ggcggtgccc tcccttctgc cggaggggag gcgggaggcg gcagcggcag cggcggat 358 



<210> 2 

<211> 2104 

<212> ESSIA 

<213> Oryza sativa 

<400> 2 

actatgtttg tcggagtgtg tacatagata gggggccatt cgatgggacc gctttctatg 60 
agttcggggg tgtcgcacgt gagggagcgc tcgggttccc attgaggacg gaaacaaatg 120 
aacaaacaat aattatatta gtttgagaca tccggatgtg taacatccta ctcctattgt 180 
gtcatgtgtt ttctctcttg ctagtgaatg atcttatatg tcagacttag agtcgtagtt 240 
catctctttt ggatttccga agaacttcac tgtgtatggc tatatgttct aataactctg 300 
tatgttcgaa cctcctttct cttggtcatg gctctcccat tatatctatc tagggacacc 360 
acatgatcag aatattaggg agatgctaat taagtgcata gtgccggatt atgtaaggaa 420 
aatcttgtca gcactgctcc tctctccctt tttgcgaggc ttagcgtaga accacgaaaa 480 
aaaaacttgt attaaagaca ccaagataac tagctgcaaa catcccagac aagccgatca 540 
tactcgaaat caaccacctt ctctatcaca tcatattgaa tttaaggttt atccaatcac 600 
attcaaagtt actaactaca gcaaccagga aaatcctcga aagaattaga agcatcaatg 660 
aagaagcatt gaacatcact tctataatcc ctccaggaaa ccatcagaag taaaacattc 720 
tctggccccc attggttgaa tttttttcta ataagccaaa acggcttatt agagaataaa 780 
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aataaatgtg taggtaaaac ttttatatat gtgttttttt taacttaaaa gccaatactg 840 
aaaaaaacta cgttgaaaat atctcagaat caatctcaaa attaagtttg aaaattcaaa 900 
atttggctta ttctttggct tattgggcca tctgatggga gcctctatat ttggtagcac 960 
ataactaaat aaataaaagg gttcatattc ctaattgtcg aaagtctctc aaagtgacat 1020 
aacacactag tatttacact acggaceiacc ctcctagttt agactttaga gttacatgtt 1080 
gcccagtttc gaggtaaagt agactagctc aaatgtgtct caaacagtcg ttcccggaac 1140 
ataagtcaca agtgttccca cgtgtaggca tgtttcacgc ttagatcgat cgagtttcgt 1200 
ttccatctgt acgtacgttg taccacccca acccgtcgat cgatatgatc gatcgtcccc 1260 
tataaattgg acatcctgga catgctcttt cttcagacat ctccaccctt cctatcttga 1320 
tatataactt cgacacactg acaacttaat ttgtcagaat gctcacggcc acgcagactc 1380 
tggcgccggc agtgctctcc cggagccatg gcgccccttc ttccttctcc agccagccgc 1440 
gccgcaccgc cgccgccgcc tcgagagtaa gctgcacccg cgtcggcgcc ttgtcggagg 1500 
tcgtcaatgg cgaactcgtc gtcggcgacc aagaacagac gaccgacgac ctccttacgc 1560 
ggcacaagaa tgtcgtcgcc gactacacgc tgagcgccac ggtgacggtg agcttgaagc 1620 
aggacgattc cactccccag aaggtggcgg acatggttaa tcgagactgg cttttccttg 1680 
atttcttcag ctcgcatata ggtgatgaca agctccatag ctactctatc gatcgtaccg 1740 
gccgcctctt tcgcgccata tataatcttg aacatgggca ctgattccca ttcgaaaaaa 1800 
tatcttaatt tgagaggatg ctttctactg gtagctagca ttctactact agaattatcg 1860 
tattaaaagt gatcgcagcc gttcgattta ctagctagct cgaatgatag catatattgt 1920 
aagtgtaaat tttgatacat tttgatatat aacttcgaca ttaggaaaaa aactacatta 1980 
aaaattttgg tacctaaaaa actataaaat ttctactatt atcagtaaaa atattttttg 2040 
cttaccatta gtagattaga ttgtatataa gatatactac ctctgttttt taatagatga 2100 
cgcc 2104 



<210> 3 
<211> 1516 
<212> UNA 

<213> Qryza sativa 
<400> 3 

gtcatctatt aaaaaacgga gagagtatat gattcatcgg aattaaaaaa tagacggtat 60 
aacacattgt aaaacaccta ttttcgtcac tctacagagg ggatgcacac ggagcctcag 120 
ctcgccaggt actcgcacat ggatggcaaa ggctccttca tatacgaggc cagcttcagc 180 
atcccgtcct cgttggacgc cgtcggcgcc gtgcaggtcg tgaaccgcta cagcagcgag 240 
gtgtacatct cggacatcga cgtccacctc tgcggcggcc gccatcagtg gaccgacatc 300 
actttccact gcaactcttg gatcgactac aaccccaacg accagcgctt cttcttccct 360 
ctcaaggtca ggggttcacg . ttattgccga taccgatatt gttttattcg tgaggatggt 420 
aaaattagct atcggccaaa aattcctttt ttttttgaat tagctcatat gtaaaataaa 480 
attaaaacct gcaaaccatc gaaaagggtg gaggattata tttgcttaat tagggcagtc 540 
ccaacccata acactagaca tggtttatat aacactagac atcatcaaga aactagtact 600 
acacactact cttccaatgc aaataccact attccatact tcagttaaat gctacttatc 660 
tcacatgatg tcttagatgt tgtgtagaaa ccatgtctca tgcaagacat ggtttccttc 720 
tctttcttta tttattcact tgtcacatta tatttttgtc ctaggtggca acttatttaa 780 
tgctatggac accattctag ttattgggtt gggaatgccc ttaagggtgt gtttgattgg 840 
gtggctgaag ctgcatggga gttggggata aggcagccat ctctcactag attggatgag 900 
tggatgagga gaacaccatg tgggtgatgt tgctgattgg ctgtgatagg tttaacttga 960 
tgttaacaat ctcaaactga tttttttttc taaactgatt atcctattta taatccgatt 1020 
atatgattat atttatatta tagttaatct tcaaaacaaa atttcacatg gttatacgaa 1080 
tgggtgccac tgacttattg cgtccatgct atatcctcca gcctatggat atatcaaaca 1140 
aaacatagat gggttatccc atccccatcc acttatgacc gtgaactaaa cgcgccctaa 1200 
tctccatttc cgctcgatcg atcgttgttc agctgcaaat cattcacact gcttgttatt 1260 
tgcttgcatg cacgatattg cagtcgtacc tcccgtctca gacgcccagg ggcgtgaaga 1320 
atcfcgcgcaa ggaagagctc agggccatcc gcggcgatgg ccgcggcgag cgcaaggagt 1380 
gggagcgcat ctacgactac gacgtctaca acgacctcgg cgaccccgac aatgacccgg 1440 
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ccactcgtcg gccggtgctc ggcggccgcg ggcgccccta cccgcgccgc tgccgcacgg 1500 
gccgccgccg ctgcag 1516 



<210> 4 
<211> 158 
<212> EJSIA 

<213> Qryza sativa 
<400> 4 

ctatcttgat atataacttc gacacactga caacttaatt tgtcagaatg ctcacggcca 60 
cgcagactct ggcgccggca gtgctctccc ggagccatgg cgccccttct tccttctcca 120 
gccagccgcg ccgcaccgcc gccgccgcct cgagagta 158 



<210> 5 

<211> 3018 

<212> DNA 

<213> Oryza sativa 

<400> 5 

ctatcttgat atataacttc gacacactga caacttaatt tgtcagaatg ctcacggcca 60 
cgcagactct ggcgccggca gtgctctccc ggagccatgg cgccccttct tccttctcca 120 
gccagccgcg ccgcaccgcc gccgccgcct cgagagtaag ctgcacccgc gtcggcgcct 180 
tgtcggaggt cgtcaatggc gaactcgtcg tcggcgacca agaacagacg accgacgacc 240 
tccttacgcg gcacaagaat gtcgtcgccg actacacgct gagcgccacg gtgacggtga 300 
gcttgaagca ggacgattcc actccccaga aggtggcgga catggttaat cgagactggc 360 
ttttccttga tttcttcagc tcgcatatag aggggatgca cacggagcct cagctcgcca 420 
ggtactcgca catggatggc aaaggctcct tcatatacga ggccagcttc agcatccogt 480 
cctcgttgga cgccgtcggc gccgtgcagg tcgtgaaccg ctacagcagc gaggtgtaca 540 
tctcggacat cgacgtccac ctctgcggcg gccgccatca gtggaccgac atcactttcc 600 
actgcaactc ttggatcgac tacaacccca acgaccagcg cttcttcttc cctctcaagt 660 
cgtacctccc gtctcagacg cccaggggcg tgaagaatct gcgcaaggaa gagctcaggg 720 
ccatccgcgg cgatggccgc ggcgagcgca aggagtggga gcgcatctac gactacgacg 780 
tctacaacga cctcggcgac cccgacaatg acccggccac tcgtcggccg gtgctcggcg 840 
gccgcgggcg cccctacccg cgccgctgcc gcacgggccg ccgccgctgc aggacagacc 900 
cgtcgtcgga gtcgccgccg gccaaggacg gcgccgggat ctacgtgcca cgggacgagg 960 
cgttcacgga gcggaaggcc ggcgcgttcg ccaccaagaa ggcgctgtcg gcgctgtcgg 1020 
cgttcaccac ggcgcagagg gtgtccggcg accggcggcg gggcttcccg tcgctggcgg 1080 
ccatcgacgc gctgtacgag gacgggtaca agaaccggcc gtcgtcgtcg cagcaggagg 1140 
cggacaacct cgaaggctac ttcagggagg tgctccagaa gcaggtgaag ctgctgctca 1200 
agggcgagaa ggaggagttc aaggaggagc tacgcaaagt gttcaaattc caaacgcccg 1260 
agattcacga caaggacaag cttgcatggt tcagagacga ggagttcgcg cggcaaacgc 1320 
tggcagggat gaaccctctc agcatccaac ttgtcaggga cacggacttc cctatattca 1380 
gcaagctgga cgaggaaacc tacggcccag gggactccct catcaccaaa gagctgattg 1440 
aagagcagat taatggggtc atgacagcag aggaggccgt ggagaagaag aagctgttca 1500 
tgctggacta ccacgacgtg ctcctgccgt tcgtgcacgc ggtgcgcgag ctggacgaca 1560 
ccacgctgta cgcctcgcgg acgctcttct tcctgacgga ggacggcacg ctgaggccga 1620 
tcgccatcga gctgacgagg cccaagtccc ccaacacgcc gcagtggcgc caggtcttca 1680 
cgccgggctc cagcgtcgcg gcgtcctggc tgtggcagct cgccaaaacg cacgtcctcg 1740 
cccacgacac cggctaccac cagctcgtca gccactggct gaggacgcac tgctgcgtgg 1800 
agccgtacgt gatcgcggcg aaccggcggc tgagccagat gcaccccatc taccgactgc 1860 
tgcacccgca cttccgcttc accatggaga tcaacgccca agcgcgcggg atgctcatca 1920 
acgccaatgg aatcatcgag agcgccttcg cgccggggaa gctctgcatg gagctcagct 1980 
cggcggttta cgacaagttt tggaggttcg acatggaggc tctgcccgcc gatctcatcc 2040 
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ggaggggcat ggcgatcgaa tgcgaggatg 
cgtacgccaa cgacggcctg ctcatctggg 
tgaaccatta ctaccagttg gcttcagaca 
ggaacgaggt gcgaaccaag ggccacccgg 
gccacgggag cctcgtcgag gttctgacca 
cggcggtgaa ctttggccag tacccctacg 
cccggcggaa catgccgacg gaggggcagg 
tcgttgagga tcccgtcagg gtgctactag 
tcgtcctgcc ggtgctcaac ctgctatcgt 
cgcatgcgga gtcagcgtgg atggcggaca 
acgagaggat gatgagcatc gcggagatga 
agaaccggca gggccccggc gtggtgccgt 
ctaaggacat gacgtccgtg atggagatgg 
tgccaatgag cttgcatctg tttggcgtgc 
gattaaaaat ccggcctcgt caaggaatgg 
tgctcatcgt gcgattatga aataaaatga 
aaaaaaaaaa aaaaaaaa 



gcaagctgga gctgacgata gaggactacc 2100 
actccatcaa ggagtgggtg tcggattatg 2160 
tccacatgga caaggagctc cagggttggt 2220 
acaaggagga agggtggcca gagctgaact 2280 
ccatcatctg ggtcgcgtcg gggcaccatg 2340 
ccggctactt ccccaatcgc cccaccatcg 2400 
cgtgcagtca cgacggcatg cagccaacgt 2460 
acacgttccc atcgcagtac cagaccaccc 2520 
cacactcgcc cggcgaggag tacatgggca 2580 
gggaggtcag ggcggcgttc gggaggttca 2640 
tcgactgccg gaacaaggat ccggagcgaa 2700 
acgtgctgct caagccgtcc tacggtgacc 2760 
gtatccccaa cagcatctca atttgagttg 2820 
tcatcgtgac attatgtatg aaataaaatg 2880 
ctaacacagc gagcctgcat ctgtttggag 2940 
cctggcatct gtttgccact gttttcttgt 3000 

3018 



<210> 6 
<211> 37 
<212> PRT 

<213> Oryza sativa 
<400> 6 

Met Leu Thr Ala Thr Gin Thr Leu Ala Pro Ala Val Leu Ser Arg Ser 
15 10 15 

His Gly Ala Pro Ser Ser Phe Ser Ser Gin Pro Arg Arg Thr Ala Ala 
20 25 30 

Ala Ala Ser Arg Val 
35 



<210> 7 
<211> 922 
<212> PRT 

<213> Oryza sativa 
<400> 7 

Met Leu Thr Ala Thr Gin Thr Leu Ala Pro Ala Val Leu Ser Arg Ser 
15 10 15 

His Gly Ala Pro Ser Ser Phe Ser Ser Gin Pro Arg Arg Thr Ala Ala 
20 25 30 

Ala Ala Ser Arg Val Ser Cys Thr Arg Val Gly Ala Leu Ser Glu Val 
35 40 45 

Val Asn Gly Glu Leu Val Val Gly Asp Gin Glu Gin Thr Thr Asp Asp 
50 55 60 

Leu Leu Thr Arg His Lys Asn Val Val Ala Asp Tyr Thr Leu Ser Ala 
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65 



70 



75 



Thr Val Thr Val Ser Leu Lys Gin Asp Asp Ser Thr Pro Gin Lys Val 
85 90 95 

Ala Asp Met Val Asn Arg Asp Trp Leu Phe Leu Asp Phe Phe Ser Ser 
100 105 110 

His He Glu Gly Met His Thr Glu Pro Gin Leu Ala Arg Tyr Ser His 
115 120 125 

Met Asp Gly Lys Gly Ser Phe He Tyr Glu Ala Ser Phe Ser He Pro 
130 135 140 

Ser Ser Leu Asp Ala Val Gly Ala Val Gin Val Val Asn Arg Tyr Ser 
145 150 155 160 

Ser Glu Val Tyr He Ser Asp He Asp Val His Leu Cys Gly Gly Arg 
165 170 175 

His Gin Trp Thr Asp He Thr Phe His Cys Asn Ser Trp He Asp Tyr 
180 185 190 

Asn Pro Asn Asp Gin Arg Phe Phe Phe Pro Leu Lys Ser Tyr Leu Pro 
195 200 205 

Ser Gin Thr Pro Arg Gly Val Lys Asn Leu Arg Lys Glu Glu Leu Arg 
210 215 220 

Ala He Arg Gly Asp Gly Arg Gly Glu Arg Lys Glu Trp Glu Arg He 
225 230 235 240 

Tyr Asp Tyr Asp Val Tyr Asn Asp Leu Gly Asp Pro Asp Asn Asp Pro 
245 250 255 

Ala Thr Arg Arg Pro Val Leu Gly Gly Arg Gly Arg Pro Tyr Pro Arg 
260 265 270 

Arg Cys Arg Thr Gly Arg Arg Arg Cys Arg Thr Asp Pro Ser Ser Glu 
275 280 285 

Ser Pro Pro Ala Lys Asp Gly Ala Gly He Tyr Val Pro Arg Asp Glu 
290 295 300 

Ala Phe Thr Glu Arg Lys Ala Gly Ala Phe Ala Thr Lys Lys Ala Leu 
305 310 315 320 

Ser Ala Leu Ser Ala Phe Thr Thr Ala Gin Arg Val Ser Gly Asp Arg 
325 330 335 

Arg Arg Gly Phe Pro Ser Leu Ala Ala He Asp Ala Leu Tyr Glu Asp 
340 345 350 

Gly T*yr Lys Asn Arg Pro Ser Ser Ser Gin Gin Glu Ala Asp Asn Leu 



355 



360 



365 
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Glu Gly Tyr Phe Arg Glu Val Leu Gin Lys Gin Val Lys Leu Leu Leu 
370 375 380 

Lys Gly Glu Lys Glu Glu Phe Lys Glu Glu Leu Arg Lys Val Phe Lys 
385 390 395 400 

Phe Gin Thr Pro Glu lie His Asp Lys Asp Lys Leu Ala Trp Phe Arg 
405 410 415 

Asp Glu Glu Phe Ala Arg Gin Thr Leu Ala Gly Met Asn Pro Leu Ser 
420 425 430 

lie Gin Leu Val Arg Asp Thr Asp Phe Pro lie Phe Ser Lys Leu Asp 
435 440 445 

Glu Glu Thr Tyr Gly Pro Gly Asp Ser Leu He Thr Lys Glu Leu He 
450 455 460 

Glu Glu Gin He Asn Gly Val Met Thr Ala Glu Glu Ala Val Glu Lys 
465 470 475 480 

Lys Lys Leu Phe Met Leu Asp Tyr His Asp Val Leu Leu Pro Phe Val 
485 490 495 

His Ala Val Arg Glu Leu Asp Asp Thr Thr Leu Tyr Ala Ser Arg Thr 
500 505 510 

Leu Phe Phe Leu Thr Glu Asp Gly Thr Leu Arg Pro He Ala He Glu 
515 520 525 

Leu Thr Arg Pro Lys Ser Pro Asn Thr Pro Gin Trp Arg Gin Val Phe 
530 535 540 

Thr Pro Gly Ser Ser Val Ala Ala Ser Trp Leu Trp Gin Leu Ala Lys 
545 550 555 560 

Thr His Val Leu Ala His Asp Thr Gly Tyr His Gin Leu Val Ser His 
565 570 575 ^ 

Trp Leu Arg Thr His Cys Cys Val Glu Pro Tyr Val He Ala Ala Asn 
580 585 590 

Arg Arg Leu Ser Gin Met His Pro He Tyr Arg Leu Leu His Pro His 
595 600 605 

Phe Arg Phe Thr Met Glu He Asn Ala Gin Ala Arg Gly Met Leu He 
610 615 620 

Asn Ala Asn Gly He He Glu Ser Ala Phe Ala Pro Gly Lys Leu Cys 
625 630 635 640 



Met Glu Leu Ser Ser Ala Val Tyr Asp Lys Phe Trp Arg Phe Asp Met 
645 650 655 
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Glu Ala Leu Pro Ala Asp Leu He Arg Arg Gly Met Ala He Glu Cys 
660 665 670 

Glu Asp Gly Lys Leu Glu Leu Thr He Glu Asp Tyr Pro Tyr Ala Asn 
675 680 685 

Asp Gly Leu Leu He Trp Asp Ser He Lys Glu Trp Val Ser Asp Tyr 
690 695 700 

Val Asn His Tyr Tyr Gin Leu .Ala Ser Asp He His Met Asp Lys Glu 
705 710 715 720 

Leu Gin Gly Trp Trp Asn Glu Val Arg Thr Lys Gly His Pro Asp Lys 
725 730 735 

Glu Glu Gly Trp Pro Glu Leu Asn Cys His Gly Ser Leu Val Glu Val 
740 745 750 

Leu Thr Thr He He Trp Val Ala Ser Gly His His Ala Ala Val Asn 
755 760 765 

Phe Gly Gin Tyr Pro Tyr Ala Gly Tyr Phe Pro Asn Arg Pro Thr He 
770 775 780 

Ala Arg Arg Asn Met Pro Thr Glu Gly Gin Ala Cys Ser His Asp Gly 
785 790 795 800 

Met Gin Pro Thr Phe Val Glu Asp Pro Val Arg Val Leu Leu Asp Thr 
805 810 815 

Phe Pro Ser Gin Tyr Gin Thr Thr Leu Val Leu Pro Val Leu Asn Leu 
820 825 830 

Leu Ser Ser His Ser Pro Gly Glu Glu Tyr Met Gly Thr His Ala Glu 
835 840 845 

Ser Ala Trp Met Ala Asp Arg Glu Val Arg Ala Ala Phe Gly Arg Phe 
850 855 860 

Asn Glu Arg Met Met Ser He Ala Glu Met He Asp Cys Arg Asn Lys 
865 870 875 880 

Asp Pro Glu Arg Lys Asn Arg Gin Gly Pro Gly Val Val Pro Tyr Val 
885 890 895 

Leu Leu Lys Pro Ser Tyr Gly Asp Pro Lys Asp Met Thr Ser Val Met 
900 905 910 



Glu Met Gly He Pro Asn Ser He Ser He 
915 920 



<210> 8 
<211> 17 
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<212> ENA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
oligonucleotide 

<400> 8 

caygcngtna anttygg 

<210> 9 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
oligonucleotide 

<400> 9 

aatgcttttt tttttttttt v 



<210> 10 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
oligonucleotide 

<400> 10 

gtcagcatgc tcacggccac 

<210> 11 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
oligonucleotide 

<400> 11 

cattgacgac ctccgacaag 

<210> 12 
<211> 37 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: 
oligonuc 1 eot ide 

<400> 12 

caagaaagct gggttgacaa attaagttgt cagtgtg 



<210> 13 
<211> 37 
<212> nspv 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
oligonucleotide 

<400> 13 

caaaaaagca ggcttgtaac atcctactcc tattgtg 



<210> 14 
<211> 32 
<212> ENA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
oligonucleotide 

<400> 14 

caaaaaagca ggctccccgt ctttatctac tc 



<210> 15 
<211> 29 
<212> ENA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
oligonucleotide 

<400> 15 

ggggacaagt ttgtacaaaa aagcaggct 

<210> 16 
<211> 29 
<212> OSIA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
oligonucleotide 
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<400> 16 

ggggaccact ttgtacaaga aagctgggt 29 



<210> 17 

<211> 4569 

<212> EKA 

<213> Oryza sativa 

<400> 17 

ctgcaggccc agcaaacacg cgtcacacgt ccccgtcttt atctactcgc gcccatcctc 60 
tacttatcta ctcggcctct cctcctccac tactcctcgc ctggtcctcc cctctcctcg 120 
atcccctctt ccccttcccg ggcctctccg tggtggttgg cgcgcggcgg caggcggagg 180 
cgggcggtgg tgcgcggcgg cgtgacataa gcggcgggct gatgggaggg cgggcggcgg 240 
gtggagggga ggatggtggc gggcggatgg gtgggcgaca acgggtgggc ggcagcggga 300 
ggcggtgccc tcccttctgc cggaggggag gcgggaggcg gcagcggcag cggcggattt 360 
ttttgttctt ttttttttag tatttgtgat tcattggatc tgagatgtat aatttgtgat 420 
gtattttttt ttagaatttg tgatgtgaat ctatgatttg tgatgttact ttgatttggg 480 
gatatgtagg gagcaactcg atttggaaaa atcaaaatgc aagcagcaaa gaaacaatga 540 
caaaaaaaga agaaaaatgg tgaccaaccg aaactgccgc aaccatcttt taatcccggt 600 
tggtaacacc aaccagaact gaagatggac atctttaatt tagtctcgga ttcacggtcc 660 
tggtttacaa cccgggacta aagggggttg cgaaccagga ctaaagaagg gttttccagc 720 
agttacagaa attaaaagta tatagtattt gctatattta ctattttgcc actatgtttg 780 
tcggagtgtg tacatagata gggggccatt cgatgggacc gctttctatg agttcggggg 840 
tgtcgcacgt gagggagcgc tcgggttccc attgaggacg gaaacaaatg aacaaacaat 900 
aattatatta gtttgagaca tccggatgtg taacatccta ctcctattgt gtcatgtgtt 960 
ttctctcttg ctagtgaatg atcttatatg tcagacttag agtcgtagtt catctctttt 1020 
ggatttccga agaacttcac tgtgtatggc tatatgttct aataactctg tatgttcgaa 1080 
cctcctttct cttggtcatg gctctcccat tatatctatc tagggacacc acatgatcag 1140 
aatattaggg agatgctaat taagtgcata gtgccggatt atgtaaggaa aatcttgtca 1200 
gcactgctcc tctctccctt tttgcgaggc ttagcgtaga accacgaaaa aaaaacttgt 1260 
attaaagaca ccaagataac tagctgcaaa catcccagac aagccgatca tactcgaaat 1320 
caaccacctt ctctatcaca tcatattgaa tttaaggttt atccaatcac attcaaagtt 1380 
actaactaca gcaaccagga aaatcctcga aagaattaga agcatcaatg aagaagcatt 1440 
gaacatcact tctataatcc ctccaggaaa ccatcagaag taaaacattc tctggccccc 1500 
attggttgaa tttttttcta ataagccaaa acggcttatt agagaataaa aataaatgtg 1560 
taggtaaaac ttttatatat gtgttttttt taacttaaaa gccaatactg aaaaaaacta 1620 
cgttgaaaat atctcagaat caatctcaaa attaagtttg aaaattcaaa atttggctta 1680 
ttctttggct tattgggcca tctgatggga gcctctatat ttggtagcac ataactaaat 1740 
aaataaaagg gttcatattc ctaattgtcg aaagtctctc aaagtgacat aacacactag 1800 
tatttacact acggacaacc ctcctagttt agactttaga gttacatgtt gcccagtttc 1860 
gaggtaaagt agactagctc aaatgtgtct caaacagtcg ttcccggaac ataagtcaca 1920 
agtgttccca cgtgtaggca tgtttcacgc ttagatcgat cgagtttcgt ttccatctgt 1980 
acgtacgttg taccacccca acccgtcgat cgatatgatc gatcgtcccc tataaattgg 2040 
acatcctgga catgctcttt cttcagacat ctccaccctt cctatcttga tatataactt 2100 
cgacacactg acaacttaat ttgtcagaat gctcacggcc acgcagactc tggcgccggc 2160 
agtgctctcc cggagccatg gcgccccttc ttccttctcc agccagccgc gccgcaccgc 2220 
cgccgccgcc tcgagagtaa gctgcacccg cgtcggcgcc ttgtcggagg tcgtcaatgg 2280 
cgaactcgtc gtcggcgacc aagaacagac gaccgacgac ctccttacgc ggcacaagaa 2340 
tgtcgtcgcc gactacacgc tgagcgccac ggtgacggtg agcttgaagc aggacgattc 2400 
cactccccag aaggtggcgg acatggttaa tcgagactgg cttttccttg atttcttcag 2460 
ctcgcatata ggtgatgaca agctccatag ctactctatc gatcgtaccg gccgcctctt 2520 
tcgcgccata tataatcttg aacatgggca ctgattccca ttcgaaaaaa tatcttaatt 2580 
tgagaggatg ctttctactg gtagctagca ttctactact agaattatcg tattaaaagt 2640 
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gatcgcagcc gttcgattta ctagctagct cgaatgatag catatattgt aagtgtaaat 2700 
tttgatacat tttgatatat aacttcgaca ttaggaaaaa aactacatta aaaattttgg 2760 
tacctaaaaa actataaaat ttctactatt atcagtaaaa atattttttg cttaccatta 2820 
gtagattaga ttgtatataa gatatactac ctctgttttt taatagatga cgccgttgac 2880 
tttttctcac atgtttgacc attcgtctta ttaaaaaatt atataattat aatttagttt 2940 
gttatgaatt gttttatcac tcatagtact ttaagtgtga tttatatctt atacatttac 3000 
ataaaatttt tgaataagac gaatggtcaa acatgggaga aaaagtcaac ggcgtcatct 3060 
attaaaaaac ggagagagta tatgattcat cggaattaaa aaatagacgg tataacacat 3120 
tgtaaaacac ctattttcgt cactctacag aggggatgca cacggagcct cagctcgcca 3180 
ggtactcgca catggatggc aaaggctcct tcatatacga ggccagcttc agcatcccgt 3240 
cctcgttgga cgccgtcggc gccgtgcagg tcgtgaaccg ctacagcagc gaggtgtaca 3300 
tctcggacat cgacgtccac ctctgcggcg gccgccatca gtggaccgac atcactttcc 3360 
actgcaactc ttggatcgac tacaacccca acgaccagcg cttcttcttc cctctcaagg 3420 
tcaggggttc acgttattgc cgataccgat attgttttat tcgtgaggat ggtaaaatta 3480 
gctatcggcc aaaaattcct tttttttttg aattagctca tatgtaaaat aaaattaaaa 3540 
cctgcaaacc atcgaaaagg gtggaggatt atatttgctt aattagggca gtcccaaccc 3600 
ataacactag acatggttta tataacacta gacatcatca agaaactagt actacacact 3660 
actcttccaa tgcaaatacc actattccat acttcagtta aatgctactt atctcacatg 3720 
atgtcttaga tgttgtgtag aaaccatgtc tcatgcaaga catggtttcc ttctctttct 3780 
ttatttattc acttgtcaca ttatattttt gtcctaggtg gcaacttatt taatgctatg 3840 
gacaccattc tagttattgg gttgggaatg cccttaaggg tgtgtttgat tgggtggctg 3900 
aagctgcatg ggagttgggg ataaggcagc catctctcac tagattggat gagtggatga 3960 
ggagaacacc atgtgggtga tgttgctgat tggctgtgat aggtttaact tgatgttaac 4020 
aatctcaaac tgattttttt ttctaaactg attatcctat ttataatccg attatatgat 4080 
tatatttata ttatagttaa tcttcaaaac aaaatttcac atggttatac gaatgggtgc 4140 
cactgactta ttgcgtccat gctatatcct ccagcctatg gatatatcaa acaaaacata 4200 
gatgggttat cccatcccca tccacttatg accgtgaact aaacgcgccc taatctccat 4260 
ttccgctcga tcgatcgttg ttcagctgca aatcattcac actgcttgtt atttgcttgc 4320 
atgcacgata ttgcagtcgt acctcccgtc tcagacgccc aggggcgtga agaatctgcg 4380 
caaggaagag ctcagggcca tccgcggcga tggccgcggc gagcgcaagg agtgggagcg 4440 
catctacgac tacgacgtct acaacgacct cggcgacccc gacaatgacc cggccactcg 4500 
tcggccggtg ctcggcggcc gcgggcgccc ctacccgcgc cgctgccgca cgggccgccg 4560 
ccgctgcag 4569 



<210> 18 
<211> 1198 
<212> EMA 

<213> Qryza sativa 
<400> 18 

tgtaacatcc tactcctatt gtgtcatgtg ttttctctct tgctagtgaa tgatcttata 60 
tgtcagactt agagtcgtag ttcatctctt ttggatttcc gaagaacttc actgtgtatg 120 
gctatatgtt ctaataactc tgtatgttcg aacctccttt ctcttggtca tggctctccc 180 
attatatcta tctagggaca ccacatgatc agaatattag ggagatgcta attaagtgca 240 
tagtgccgga ttatgtaagg aaaatcttgt cagcactgct cctctctccc tttttgcgag 300 
gcttagcgta gaaccacgaa aaaaaaactt gtattaaaga caccaagata actagctgca 360 
aacatcccag acaagccgat catactcgaa atcaaccacc ttctctatca catcatattg 420 
aatttaaggt ttatccaatc acattcaaag ttactaacta cagcaaccag gaaaatcctc 480 
gaaagaatta gaagcatcaa tgaagaagca ttgaacatca cttctataat ccctccagga 540 
aaccatcaga agtaaaacat tctctggccc ccattggttg aatttttttc taataagcca 600 
aaacggctta ttagagaata aaaataaatg tgtaggtaaa acttttatat atgtgttttt 660 
tttaacttaa aagccaatac tgaaaaaaac tacgttgaaa atatctcaga atcaatctca 720 
aaattaagtt tgaaaattca aaatttggct tattctttgg cttattgggc catctgatgg 780 
gagcctctat atttggtagc acataactaa ataaataaaa gggttcatat tcctaattgt 840 
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cgaaagtctc tcaaagtgac ataacacact agtatttaca ctacggacaa ccctcctagt 900 
ttagacttta gagttacatg ttgcccagtt tcgaggtaaa gtagactagc tcaaatgtgt 960 
ctcaaacagt cgttcccgga acataagtca caagtgttcc cacgtgtagg catgtttcac 1020 
gcttagatcg atcgagtttc gtttccatct gtacgtacgt tgtaccaccc caacccgtcg 1080 
atcgatatga tcgatcgtcc cctataaatt ggacatcctg gacatgctct ttcttcagac 1140 
atctccaccc ttcctatctt gatatataac ttcgacacac tgacaactta atttgtca 1198 



<210> 19 
<211> 2096 
<212> DNA 

<213> Oryza sativa 
<400> 19 

ccccgtcttt atctactcgc gcccatcctc tacttatcta ctcggcctct cctcctccac 60 
tactcctcgc ctggtcctcc cctctcctcg atcccctctt ccccttcccg ggcctctccg 120 
tggtggttgg cgcgcggcgg caggcggagg cgggcggtgg tgcgcggcgg cgtgacataa 180 
gcggcgggct gatgggaggg cgggcggcgg gtggagggga ggatggtggc gggcggatgg 240 
gtgggcgaca acgggtgggc ggcagcggga ggcggtgccc tcccttctgc cggaggggag 300 
gcgggaggcg gcagcggcag cggcggattt ttttgttctt ttttttttag tatttgtgat 360 
tcattggatc tgagatgtat aatttgtgat gtattttttt ttagaatttg tgatgtgaat 420 
ctatgatttg tgatgttact ttgatttggg gatatgtagg gagcaactcg atttggaaaa 480 
atcaaaatgc aagcagcaaa gaaacaatga caaaaaaaga agaaaaatgg tgaccaaccg 540 
aaactgccgc aaccatcttt taatcccggt tggtaacacc aaccagaact gaagatggac 600 
atctttaatt tagtctcgga ttcacggtcc tggtttacaa cccgggacta aagggggttg 660 
cgaaccagga ctaaagaagg gttttccagc agttacagaa attaaaagta tatagtattt 720 
gctatattta ctattttgcc actatgtttg tcggagtgtg tacatagata gggggccatt 780 
cgatgggacc gctttctatg agttcggggg tgtcgcacgt gagggagcgc tcgggttccc 840 
attgaggacg gaaacaaatg aacaaacaat aattatatta gtttgagaca tccggatgtg 900 
taacatccta ctcctattgt gtcatgtgtt ttctctcttg ctagtgaatg atcttatatg 960 
tcagacttag agtcgtagtt catctctttt ggatttccga agaacttcac tgtgtatggc 1020 
tatatgttct aataactctg tatgttcgaa cctcctttct cttggtcatg gctctcccat 1080 
tatatctatc tagggacacc acatgatcag aatattaggg agatgctaat taagtgcata 1140 
gtgccggatt atgtaaggaa aatcttgtca gcactgctcc tctctccctt tttgcgaggc 1200 
ttagcgtaga accacgaaaa aaaaacttgt attaaagaca ccaagataac tagctgcaaa 1260 
catcccagac aagccgatca tactcgaaat caaccacctt ctctatcaca tcatattgaa 1320 
tttaaggttt atccaatcac attcaaagtt actaactaca gcaaccagga aaatcctcga 1380 
aagaattaga agcatcaatg aagaagcatt gaacatcact tctataatcc ctccaggaaa 1440 
ccatcagaag taaaacattc tctggccccc attggttgaa tttttttcta ataagccaaa 1500 
acggcttatt agagaataaa aataaatgtg taggtaaaac ttttatatat gtgttttttt 1560 
taacttaaaa gccaatactg aaaaaaacta cgttgaaaat atctcagaat caatctcaaa 1620 
attaagtttg aaaattcaaa atttggctta ttctttggct tattgggcca tctgatggga 1680 
gcctctatat ttggtagcac ataactaaat aaataaaagg gttcatattc ctaattgtcg 1740 
aaagtctctc aaagtgacat aacacactag tatttacact acggacaacc ctcctagttt 1800 
agactttaga gttacatgtt gcccagtttc gaggtaaagt agactagctc aaatgtgtct 1860 
caaacagtcg ttcccggaac ataagtcaca agtgttccca cgtgtaggca tgtttcacgc 1920 
ttagatcgat cgagtttcgt ttccatctgt acgtacgttg taccacccca acccgtcgat 1980 
cgatatgatc gatcgtcccc tataaattgg acatcctgga catgctcttt cttcagacat 2040 
ctccaccctt cctatcttga tatataactt cgacacactg acaacttaat ttgtca 2096 



<210> 20 
<211> 13274 
<212> DMA. 
<213> artificial 
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<400> 20 

ccaattcccg atctagtaac atagatgaca ccgcgcgcga taatttatcc tagtttgcgc 60 

gctatatttt gttttctatc gcgtattaaa tgtataattg cgggactcta atcataaaaa 120 

cccatctcat aaataacgtc atgcattaca tgttaattat tacatgctta acgtaattca 180 

acagaaatta tatgataatc atcgcaagac cggcaacagg attcaatctt aagaaacttt 240 

attgccaaat gtttgaacga tcggggaaat tcggggatct aattcccgag gctgtagccg 300 

acgatggtgc gccaggagag ttgttgattc attgtttgcc tccctgctgc ggtttttcac 360 

cgaagttcat gccagtccag cgtttttgca gcagaaaagc cgccgacttc ggtttgcggt 420 

cgcgagtgaa gatccctttc ttgttaccgc caacgcgcaa tatgccttgc gaggtcgcaa 480 

aatcggcgaa attccatacc tgttcaccga cgacggcgct gacgcgatca aagacgcggt 540 

gatacatatc cagccatgca cactgatact cttcactcca catgtcggtg tacattgagt 600 

gcagcccggc taacgtatcc acgccgtatt cggtgatgat aatcggctga tgcagtttct 660 

cctgccaggc cagaagttct ttttccagta ccttctctgc cgtttccaaa tcgccgcttt 720 

ggacatacca tccgtaataa cggttcaggc acagcacatc aaagagatcg ctgatggtat 780 

cggtgtgagc gtcgcagaac attacattga cgcaggtgat cggacgcgtc gggtcgagtt 840 

tacgcgttgc ttccgccagt ggcgcgaaat attcccgtgc accttgcgga cgggtatccg 900 

gttcgttggc aatactccac atcaccacgc ttgggtggtt tttgtcacgc gctatcagct 960 

ctttaatcgc ctgtaagtgc gcttgctgag tttccccgtt gactgcctct tcgctgtaca 1020 

gttctttcgg cttgttgccc gcttcgaaac caatgcctaa agagaggtta aagccgacag 1080 

cagcagtttc atcaatcacc acgatgccat gttcatctgc ccagtcgagc atctcttcag 1140 

cgtaagggta atgcgaggta cggtaggagt tggccccaat ccagtccatt aatgcgtggt 1200 

cgtgcaccat cagcacgtta tcgaatcctt tgccacgcaa gtccgcatct tcatgacgac 1260 

caaagccagt aaagtagaac ggtttgtggt taatcaggaa ctgttcgccc ttcactgcca 1320 

ctgaccggat gccgacgcga agcgggtaga tatcacactc tgtctggctt ttggctgtga 1380 

cgcacagttc atagagataa ccttcacccg gttgccagag gtgcggattc accacttgca 1440 

aagtcccgct agtgccttgt ccagttgcaa ccacctgttg atccgcatca cgcagttcaa 1500 

cgctgacatc accattggcc accacctgcc agtcaacaga cgcgtggtta . cagtcttgcg 1560 

cgacatgcgt caccacggtg atatcgtcca cccaggtgtt cggcgtggtg tagagcatta 1620 

cgctgcgatg gattccggca tagttaaaga aatcatggaa gtaagactgc tttttcttgc 1680 

cgttttcgtc ggtaatcacc attcccggcg ggatagtctg ccagttcagt tcgttgttca 1740 

cacaaacggt gatacctgca catcaacaaa ttttggtcat atattagaaa agttataaat 1800 

taaaatatac acacttataa actacagaaa agcaattgct atatactaca ttcttttatt 1860 

ttgaaaaaaa tatttgaaat attatattac tactaattaa tgataattat tatatatata 1920 

tcaaaggtag aagcagaaac ttacgtacac ttttcccggc aataacatac ggcgtgacat 1980 

cggcttcaaa tggcgtatag ccgccctgat gctccatcac ttcctgatta ttgacccaca 2040 

ctttgccgta atgagtgacc gcatcgaaac gcagcacgat acgctggcct gcccaacctt 2100 

tcggtataaa gacttcgcgc tgataccaga cgttgcccgc ataattacga atatctgcat 2160 

cggcgaactg atcgttaaaa ctgcctggca cagcaattgc ccggctttct tgtaacgcgc 2220 

tttcccacca acgctgatca attccacagt tttcgcgatc cagactgaat gcccacaggc 2280 

cgtcgagttt tttgatttca cgggttgggg tttctacagg acggaccatg gtcgacctcg 2340 

aatcaaccac tttgtacaag aaagctgaac gagaaacgta aaatgatata aatatcaata 2400 

tattaaatta gattttgcat aaaaaacaga ctacataata ctgtaaaaca caacatatcc 2460 

agtcactatg gtcgacctgc agactggctg tgtataaggg agcctgacat ttatattccc 2520 

cagaacatca ggttaatggc gtttttgatg tcattttcgc ggtggctgag atcagccact 2580 

tcttccccga taacggagac cggcacactg gccatatcgg tggtcatcat gcgccagctt 2640 

tcatccccga tatgcaccac cgggtaaagt tcacgggaga ctttatctga cagcagacgt 2700 

gcactggcca gggggatcac catccgtcgc ccgggcgtgt caataatatc actctgtaca 2760 

tccacaaaca gacgataacg gctctctctt ttataggtgt aaaccttaaa ctgcatttca 2820 

ccagcccctg ttctcgtcag caaaagagcc gt teat t tea ataaaceggg cgacctcagc 2880 

catcccttcc tgattttccg ctttccagcg ttcggcacgc agacgaeggg cttcattctg 2940 

catggttgtg cttaccagac eggagatatt gacatcatat atgecttgag caactgatag 3000 

ctgtcgctgt caactgtcac tgtaataege tgcttcatag catacctctt tttgacatac 3060 

ttegggtata catatcagta tatattctta tacegcaaaa atcagcgcgc aaataegcat 3120 

actgttatct ggcttttagt aagceggate cagatcttta cgccccgccc tgccactcat 3180 
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cgcagtactg ttgtaattca ttaagcattc tgccgacatg gaagccatca caaacggcat 3240 

gatgaacctg aatcgccagc ggcatcagca ccttgtcgcc ttgcgtataa tatttgccca 3300 

tggtgaaaac gggggcgaag aagttgtcca tattggccac gtttaaatca aaactggtga 3360 

aactcaccca gggattggct gagacgaaaa acatattctc aataaaccct ttagggaaat 3420 

aggccaggtt ttcaccgtaa cacgccacat cttgcgaata tatgtgtaga aactgccgga 3480 

aatcgtcgtg gtattcactc cagagcgatg aaaacgtttc agtttgctca tggaaaacgg 3540 

tgtaacaagg gtgaacacta tcccatatca ccagctcacc gtctttcatt gccatacgga 3600 

attccggatg agcattcatc aggcgggcaa gaatgtgaat aaaggccgga taaaacttgt 3660 

gcttattttt ctttacggtc tttaaaaagg ccgtaatatc cagctgaacg gtctggttat 3720 

aggtacattg agcaactgac tgaaatgcct caaaatgttc tttacgatgc cattgggata 3780 

tatcaacggt ggtatatcca gtgatttttt tctccatttt agcttcctta gctcctgaaa 3840 

atctcgacgg atcctaactc aaaatccaca cattatacga gccggaagca taaagtgtaa 3900 

agcctggggt gcctaatgcg gccgccatag tgactggata tgttgtgttt tacagtatta 3960 

tgtagtctgt tttttatgca aaatctaatt taatatattg atatttatat cattttacgt 4020 

ttctcgttca gcttttttgt acaaacttgt tgattcgagg ggatcctcta gagtcgacct 4080 

gcaggcatgc aaagctcggt accagcttgc atgcctgcag tgcagcgtga cccggtcgtg 4140 

cccctctcta gagataatga gcattgcatg tctaagttat aaaaaattac cacatatttt 4200 

ttttgtcaca cttgtttgaa gtgcagttta tctatcttta tacatatatt taaactttac 4260 

tctacgaata atataatcta tagtactaca ataatatcag tgttttagag aatcatataa 4320 

atgaacagtt agacatggtc taaaggacaa ttgagtattt tgacaacagg actctacagt 4380 

tttatctttt tagtgtgcat gtgttctcct ttttttttgc aaatagcttc acctatataa 4440 

tacttcatcc attttattag tacatccatt tagggtttag ggttaatggt ttttatagac 4500 

taattttttt agtacatcta ttttattcta ttttagcctc taaattaaga aaactaaaac 4560 

tctattttag tttttttatt taataattta gatataaaat agaataaaat aaagtgacta 4620 

aaaattaaac aaataccctt taagaaatta aaaaaactaa ggaaacattt ttcttgtttc 4680 

gagtagataa tgccagcctg ttaaacgccg tcgacgagtc taacggacac caaccagcga 4740 

accagcagcg tcgcgtcggg ccaagcgaag cagacggcac ggcatctctg tcgctgcctc 4800 

tggacccctc tcgagagttc cgctccaccg ttggacttgc tccgctgtcg gcatccagaa 4860 

attgcgtggc ggagcggcag acgtgagccg gcacggcagg cggcctcctc ctcctctcac 4920 

ggcaccggca gctacggggg attcctttcc caccgctcct tcgctttccc ttcctcgccc 4980 

gccgtaataa atagacaccc cctccacacc ctctttcccc aacctcgtgt tgttcggagc 5040 

gcacacacac acaaccagat ctcccccaaa tccacccgtc ggcacctccg cttcaaggta 5100 

cgccgctcgt cctccccccc cccccctctc taccttctct agatcggcgt tccggtccat 5160 

ggttagggcc cggtagttct acttctgttc atgtttgtgt tagatccgtg tttgtgttag 5220 

atccgtgctg ctagcgttcg tacacggatg cgacctgtac gtcagacacg ttctgattgc 5280 

taacttgcca gtgtttctct ttggggaatc ctgggatggc tctagccgtt ccgcagacgg 5340 

gatcgatttc atgatttttt ttgtttcgtt gcatagggtt tggtttgccc ttttccttta 5400 

tttcaatata tgccgtgcac ttgtttgtcg ggtcatcttt tcatgctttt ttttgtcttg 5460 

gttgtgatga tgtggtctgg ttgggcggtc gttctagatc ggagtagaat tctgtttcaa 5520 

actacctggt ggatttatta attttggatc tgtatgtgtg tgccatacat attcatagtt 5580 

acgaattgaa gatgatggat ggaaatatcg atctaggata ggtatacatg ttgatgcggg 5640 

ttttactgat gcatatacag agatgctttt tgttcgcttg gttgtgatga tgtggtgtgg 5700 

ttgggcggtc gttcattcgt tctagatcgg agtagaatac tgtttcaaac tacctggtgt 5760 

atttattaat tttggaactg tatgtgtgtg tcatacatct tcatagttac gagtttaaga 5820 

tggatggaaa tatcgatcta ggataggtat acatgttgat gtgggtttta ctgatgcata 5880 

tacatgatgg catatgcagc atctattcat atgctctaac cttgagtacc tatctattat 5940 

aataaacaag tatgttttat aattattttg atcttgatat acttggatga tggcatatgc 6000 

agcagctata tgtggatttt tttagccctg ccttcatacg ctatttattt gcttggtact 6060 

gtttcttttg tcgatgctca ccctgttgtt tggtgttact tctgcaggga tccccgatca 6120 

tgcaaaaact cattaactca gtgcaaaact atgcctgggg cagcaaaacg gcgttgactg 6180 

aactttatgg tatggaaaat ccgtccagcc agccgatggc cgagctgtgg atgggcgcac 6240 

atccgaaaag cagttcacga gtgcagaatg ccgccggaga tatcgtttca ctgcgtgatg 6300 

tgattgagag tgataaatcg actctgctcg gagaggccgt tgccaaacgc tttggcgaac 6360 

tgcctttcct gttcaaagta ttatgcgcag cacagccact ctccattcag gttcatccaa 6420 

acaaacacaa ttctgaaatc ggttttgcca aagaaaatgc cgcaggtatc ccgatggatg 6480 
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ccgccgagcg taactataaa gatcctaacc acaagccgga gctggttttt gcgctgacgc 6540 

ctttccttgc gatgaacgcg tttcgtgaat tttccgagat tgtctcccta ctccagccgg 6600 

tcgcaggtgc acatccggcg attgctcact ttttacaaca gcctgatgcc gaacgtttaa 6660 

gcgaactgtt cgccagcctg ttgaatatgc agggtgaaga aaaatcccgc gcgctggcga 6720 

ttttaaaatc ggccctcgat agccagcagg gtgaaccgtg gcaaacgatt cgtttaattt 6780 

ctgaatttta cccggaagac agcggtctgt tctccccgct attgctgaat gtggtgaaat 6840 

tgaaccctgg cgaagcgatg ttcctgttcg ctgaaacacc gcacgcttac ctgcaaggcg 6900 

tggcgctgga agtgatggca aactccgata acgtgctgcg tgcgggtctg acgcctaaat 6960 

acattgatat tccggaactg gttgccaatg tgaaattcga agccaaaccg gctaaccagt 7020 

tgttgaccca gccggtgaaa caaggtgcag aactggactt cccgattcca gtggatgatt 7080 

ttgccttctc gctgcatgac cttagtgata aagaaaccac cattagccag cagagtgccg 7140 

ccattttgtt ctgcgtcgaa ggogatgcaa cgttgtggaa aggttctcag cagttacagc 7200 

ttaaaccggg tgaatcagcg tttattgccg ccaacgaatc accggtgact gtcaaaggcc 7260 

acggccgttt agcgcgtgtt tacaacaagc tgtaagagct tactgaaaaa attaacatct 7320 

cttgctaagc tgggagctcg atccgtcgac ctgcagatcg ttcaaacatt tggcaataaa 7380 

gtttcttaag attgaatcct gttgccggtc ttgcgatgat tatcatataa tttctgttga 7440 

attacgttaa gcatgtaata attaacatgt aatgcatgac gttatttatg agatgggttt 7500 

ttatgattag agtcccgcaa ttatacattt aatacgcgat agaaaacaaa atatagcgcg 7560 

caaactagga taaattatcg cgcgcggtgt catctatgtt actagatctg ctagccctgc 7620 

aggaaattta ccggtgcccg ggcggccagc atggccgtat ccgcaatgtg ttattaagtt 7680 

gtctaagcgt caatttgttt acaccacaat atatcctgcc accagccagc caacagctcc 7740 

ccgaccggca gctcggcaca aaatcaccac tcgatacagg cagcccatca gaattaattc 7800 

tcatgtttga cagcttatca tcgactgcac ggtgcaccaa tgcttctggc gtcaggcagc 7860 

catcggaagc tgtggtatgg ctgtgcaggt cgtaaatcac tgcataattc gtgtcgctca 7920 

aggcgcactc ccgttctgga taatgttttt tgcgccgaca tcataacggt tctggcaaat 7980 

attctgaaat gagctgttga caattaatca tccggctcgt ataatgtgtg gaattgtgag 8040 

cggataacaa tttcacacag gaaacagacc atgagggaag cgttgatcgc cgaagtatcg 8100 

actcaactat cagaggtagt tggcgtcatc gagcgccatc tcgaaccgac gttgctggcc 8160 

gtacatttgt acggctccgc agtggatggc ggcctgaagc cacacagtga tattgatttg 8220 

ctggttacgg tgaccgtaag gcttgatgaa acaacgcggc gagctttgat caacgacctt 8280 

ttggaaactt cggcttcccc tggagagagc gagattctcc gcgctgtaga agtcaccatt 8340 

gttgtgcacg acgacatcat tccgtggcgt tatccagcta agcgcgaact gcaatttgga 8400 

gaatggcagc gcaatgacat tcttgcaggt atcttcgagc cagccacgat cgacattgat 8460 

ctggctatct tgctgacaaa agcaagagaa catagcgttg ccttggtagg tccagcggcg 8520 

gaggaactct ttgatccggt tcctgaacag gatctatttg aggcgctaaa tgaaacctta 8580 

acgctatgga actcgccgcc cgactgggct ggcgatgagc gaaatgtagt gcttacgttg 8640 

tcccgcattt ggtacagcgc agtaaccggc aaaatcgcgc cgaaggatgt cgctgccgac 8700 

tgggcaatgg agcgcctgcc ggcccagtat cagcccgtca tacttgaagc taggcaggct 8760 

tatcttggac aagaagatcg cttggcctcg cgcgcagatc agttggaaga atttgttcac 8820 

tacgtgaaag gcgagatcac caaagtagtc ggcaaataaa gctctagtgg atctccgtac 8880 

ccccggggga tctggctcgc ggcggacgca cgacgccggg gcgagaccat aggcgatctc 8940 

ctaaatcaat agtagctgta acctcgaagc gtttcacttg taacaacgat tgagaatttt 9000 

tgtcataaaa ttgaaatact tggttcgcat ttttgtcatc cgcggtcagc cgcaattctg 9060 

acgaactgcc catttagctg gagatgattg tacatccttc acgtgaaaat ttctcaagcg 9120 

ctgtgaacaa gggttcagat tttagattga aaggtgagcc gttgaaacac gttcttcttg 9180 

tcgatgacga cgtcgctatg cggcatctta ttattgaata ccttacgatc cacgccttca 9240 

aagtgaccgc ggtagccgac agcacccagt tcacaagagt actctcttcc gcgacggtcg 9300 

atgtcgtggt tgttgatcta aatttaggtc gtgaagatgg gctcgagatc gttcgtaatc 9360 

tggcggcaaa gtctgatatt ccaatcataa ttatcagtgg cgaccgcctt gaggagacgg 9420 

ataaagttgt tgcactcgag ctaggagcaa gtgattttat cgctaagccg ttcagtatca 9480 

gagagtttct agcacgcatt cgggttgcct tgcgcgtgcg ccccaacgtt gtccgctcca 9540 

aagaccgacg gtctttttgt tttactgact ggacacttaa tctcaggcaa cgtcgcttga 9600 

tgtccgaagc tggcggtgag gtgaaactta cggcaggtga gttcaatctt ctcctcgcgt 9660 

ttttagagaa accccgcgac gttctatcgc gcgagcaact tctcattgcc agtcgagtac 9720 

gcgacgagga ggtttatgac aggagtatag atgttctcat tttgaggctg cgccgcaaac 9780 
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ttgaggcaga tccgtcaagc cctcaactga taaaaacagc aagaggtgcc ggttatttct 9840 

ttgacgcgga cgtgcaggtt tcgcacgggg ggacgatggc agcctgagcc aattcccaga 9900 

tccccgagga atcggcgtga gcggtcgcaa accatccggc ccggtacaaa tcggcgcggc 9960 

gctgggtgat gacctggtgg agaagttgaa ggccgcgcag gccgcccagc ggcaacgcat 10020 

cgaggcagaa gcacgccccg gtgaatcgtg gcaagcggcc gctgatcgaa tccgcaaaga 10080 

atcccggcaa ccgccggcag ccggtgcgcc gtcgattagg aagccgccca agggcgacga 10140 

gcaaccagat tttttcgttc cgatgctcta tgacgtgggc acccgcgata gtcgcagcat 10200 

catggacgtg gccgttttcc gtctgtcgaa gcgtgaccga cgagctggcg aggtgatccg 10260 

ctacgagctt ccagacgggc acgtagaggt ttccgcaggg ccggccggca tggccagtgt 10320 

gtgggattac gacctggtac tgatggcggt ttcccatcta accgaatcca tgaaccgata 10380 

ccgggaaggg aagggagaca agcccggccg cgtgttccgt ccacacgttg cggacgtact 10440 

caagttctgc cggcgagccg atggcggaaa gcagaaagac gacctggtag aaacctgcat 10500 

tcggttaaac accacgcacg ttgccatgca gcgtacgaag aaggccaaga acggccgcct 10560 

ggtgacggta tccgagggtg aagccttgat tagccgctac aagatcgtaa agagcgaaac 10620 

cgggcggccg gagtacatcg agatcgagct agctgattgg atgtaccgcg agatcacaga 10680 

aggcaagaac ccggacgtgc tgacggttca ccccgattac tttttgatcg atcccggcat 10740 

cggccgtttt ctctaccgcc tggcacgccg cgccgcaggc aaggcagaag ccagatggtt 10800 

gttcaagacg atctacgaac gcagtggcag cgccggagag ttcaagaagt tctgtttcac 10860 

cgtgcgcaag ctgatcgggt caaatgacct gccggagtac gatttgaagg aggaggcggg 10920 

gcaggctggc ccgatcctag tcatgcgcta ccgcaacctg atcgagggcg aagcatccgc 10980 

cggttcctaa tgtacggagc agatgctagg gcaaattgcc ctagcagggg aaaaaggtcg 11040 

aaaaggtctc tttcctgtgg atagcacgta cattgggaac ccaaagccgt acattgggaa 11100 

ccggaacccg tacattggga acccaaagcc gtacattggg aaccggtcac acatgtaagt 11160 

gactgatata aaagagaaaa aaggcgattt ttccgcctaa aactctttaa aacttattaa 11220 

aactcttaaa acccgcctgg cctgtgcata actgtctggc cagcgcacag ccgaagagct 11280 

gcaaaaagcg cctacccttc ggtcgctgcg ctccctacgc cccgccgctt cgcgtcggcc 11340 

tatcgcggcc gctggccgct caaaaatggc tggcctacgg ccaggcaatc taccagggcg 11400 

cggacaagcc gcgccgtcgc cactcgaccg ccggcgctga ggtctgcctc gtgaagaagg 11460 

tgttgctgac tcataccagg cctgaatcgc cccatcatcc agccagaaag tgagggagcc 11520 

acggttgatg agagctttgt tgtaggtgga ccagttggtg attttgaact tttgctttgc 11580 

cacggaacgg tctgcgttgt cgggaagatg cgtgatctga tccttcaact cagcaaaagt 11640 

tcgatttatt caacaaagcc gccgtcccgt caagtcagcg taatgctctg ccagtgttac 11700 

aaccaattaa ccaattctga ttagaaaaac tcatcgagca tcaaatgaaa ctgcaattta 11760 

ttcatatcag gattatcaat accatatttt tgaaaaagcc gtttctgtaa tgaaggagaa 11820 

aactcaccga ggcagttcca taggatggca agatcctggt atcggtctgc gattccgact 11880 

cgtccaacat caatacaacc tattaatttc ccctcgtcaa aaataaggtt atcaagtgag 11940 

aaatcaccat gagtgacgac tgaatccggt gagaatggca aaagctctgc attaatgaat 12000 

cggccaacgc gcggggagag gcggtttgcg tattgggcgc tcttccgctt cctcgctcac 12060 

tgactcgctg cgctcggtcg ttcggctgcg gcgagcggta tcagctcact caaaggcggt 12120 

aatacggtta tccacagaat caggggataa cgcaggaaag aacatgtgag caaaaggcca 12180 

gcaaaaggcc aggaaccgta aaaaggccgc gttgctggcg tttttccata ggctccgccc 12240 

ccctgacgag catcacaaaa atcgacgctc aagtcagagg tggcgaaacc cgacaggact 12300 

ataaagatac caggcgtttc cccctggaag ctccctcgtg cgctctcctg ttccgaccct 12360 

gccgcttacc ggatacctgt ccgcctttct cccttcggga agcgtggcgc tttctcatag 12420 

ctcacgctgt aggtatctca gttcggtgta ggtcgttcgc tccaagctgg gctgtgtgca 12480 

cgaacccccc gttcagcccg accgctgcgc cttatccggt aactatcgtc ttgagtccaa 12540 

cccggtaaga cacgacttat cgccactggc agcagccact ggtaacagga ttagcagagc 12600 

gaggtatgta ggcggtgcta cagagttctt gaagtggtgg cctaactacg gctacactag 12660 

aagaacagta tttggtatct gcgctctgct gaagccagtt accttcggaa aaagagttgg 12720 

tagctcttga tccggcaaac aaaccaccgc tggtagcggt ggtttttttg tttgcaagca 12780 

gcagattacg cgcagaaaaa aaggatctca agaagatcct ttgatctttt ctacggggtc 12840 

tgacgctcag tggaacgaaa actcacgtta agggattttg gtcatgagat tatcaaaaag 12900 

gatcttcacc tagatccttt tgatccggaa ttaattcctg tggttggcat gcacatacaa 12960 

atggacgaac ggataaacct tttcacgccc ttttaaatat ccgattattc taataaacgc 13020 

tcttttctct taggtttacc cgccaatata tcctgtcaaa cactgatagt ttaaactgaa 13080 
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ggcgggaaac gacaatctga tcatgagcgg agaattaagg gagtcacgtt atgacccccg 13140 

ccgatgacgc gggacaagcc gttttacgtt tggaactgac agaaccgcaa cgctgcagga 13200 

attggccgca gcggccattt aaatcaattg ggcgcgccga attcgagctc ggtacaagct 13260 

tggcgcgccg gtac 13274 



<210> 21 
<211> 2001 
<212> DNA 
<213> artificial 

<400> 21 

atggtccgtc ctgtagaaac cccaacccgt gaaatcaaaa aactcgacgg cctgtgggca 60 

ttcagtctgg atcgcgaaaa ctgtggaatt gatcagcgtt ggtgggaaag cgcgttacaa 120 

gaaagccggg caattgctgt gccaggcagt tttaacgatc agttcgccga tgcagatatt 180 

cgtaattatg cgggcaacgt ctggtatcag cgcgaagtct ttataccgaa aggttgggca 240 

ggccagcgta tcgtgctgcg tttcgatgcg gtcactcatt acggcaaagt gtgggtcaat 300 

aatcaggaag tgatggagca tcagggcggc tatacgccat ttgaagccga tgtcacgccg 360 

tatgttattg ccgggaaaag tgtacgtaag tttctgcttc tacctttgat atatatataa 420 

taattatcat taattagtag taatataata tttcaaatat ttttttcaaa ataaaagaat 480 

gtagtatata gcaattgctt ttctgtagtt tataagtgtg tatattttaa tttataactt 540 

ttctaatata tgaccaaaat ttgttgatgt gcaggtatca ccgtttgtgt gaacaacgaa ■ 600 

ctgaactggc agactatccc gccgggaatg gtgattaccg acgaaaacgg caagaaaaag 660 

cagtcttact tccatgattt ctttaactat gccggaatcc atcgcagcgt aatgctctac 720 

accacgccga acacctgggt ggacgatatc accgtggtga cgcatgtcgc gcaagactgt 780 

aaccacgcgt ctgttgactg gcaggtggtg gccaatggtg atgtcagcgt tgaactgcgt 840 

gatgcggatc aacaggtggt tgcaactgga caaggcacta gcgggacttt gcaagtggtg 900 

aatccgcacc tctggcaacc gggtgaaggt tatctctatg aactgtgcgt cacagccaaa 960 

agccagacag agtgtgatat ctacccgctt cgcgtcggca tccggtcagt ggcagtgaag 1020 

ggcgaacagt tcctgattaa ccacaaaccg ttctacttta ctggctttgg tcgtcatgaa 1080 

gatgcggact tgcgtggcaa aggattcgat aacgtgctga tggtgcacga ccacgcatta 1140 

atggactgga ttggggccaa ctcctaccgt acctcgcatt acccttacgc tgaagagatg 1200 

ctcgactggg cagatgaaca tggcatcgtg gtgattgatg aaactgctgc tgtcggcttt 1260 

aacctctctt taggcattgg tttcgaagcg ggcaacaagc cgaaagaact gtacagcgaa 1320 

gaggcagtca acggggaaac tcagcaagcg cacttacagg cgattaaaga gctgatagcg 1380 

cgtgacaaaa accacccaag cgtggtgatg tggagtattg ccaacgaacc ggatacccgt 1440 

ccgcaaggtg cacgggaata tttcgcgcca ctggcggaag caacgcgtaa actcgacccg 1500 

acgcgtccga tcacctgcgt caatgtaatg ttctgcgacg ctcacaccga taccatcagc 1560 

gatctctttg atgtgctgtg cctgaaccgt tattacggat ggtatgtcca aagcggcgat 1620 

ttggaaacgg cagagaaggt actggaaaaa gaacttctgg cctggcagga gaaactgcat 1680 

cagccgatta tcatcaccga atacggcgtg gatacgttag ccgggctgca ctcaatgtac 1740 

accgacatgt ggagtgaaga gtatcagtgt gcatggctgg atatgtatca ccgcgtcttt .1800 

gatcgcgtca gcgccgtcgt cggtgaacag gtatggaatt tcgccgattt tgcgacctcg 1860 

caaggcatat tgcgcgttgg cggtaacaag aaagggatct tcactcgcga ccgcaaaccg 1920 

aagtcggcgg cttttctgct gcaaaaacgc tggactggca tgaacttcgg tgaaaaaccg 1980 

cagcagggag gcaaacaatg a 2001 



<210> 22 
<211> 12817 
<212> DNA 
<213> artificial 

<400> 22 

tttgtacaaa cttgttgatt cgaggggatc ctctagagtc gacctgcagg catgcaaagc 
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tcggtaccag cttgcatgcc tgcagtgcag cgtgacccgg tcgtgcccct ctctagagat 120 

aatgagcatt gcatgtctaa gttataaaaa attaccacat attttttttg tcacacttgt 180 

ttgaagtgca gtttatctat ctttatacat atatttaaac tttactctac gaataatata 240 

atctatagta ctacaataat atcagtgttt tagagaatca tataaatgaa cagttagaca 300 

tggtctaaag gacaattgag tattttgaca acaggactct acagttttat ctttttagtg 360 

tgcatgtgtt ctcctttttt tttgcaaata gcttcaccta tataatactt catccatttt 420 

attagtacat ccatttaggg tttagggtta atggttttta tagactaatt tttttagtac 480 

atctatttta ttctatttta gcctctaaat taagaaaact aaaactctat tttagttttt 540 

ttatttaata atttagatat aaaatagaat aaaataaagt gactaaaaat taaacaaata 600 

ccctttaaga aattaaaaaa actaaggaaa catttttctt gtttcgagta gataatgcca 660 

gcctgttaaa cgccgtcgac gagtctaacg gacaccaacc agcgaaccag cagcgtcgcg 720 

tcgggccaag cgaagcagac ggcacggcat ctctgtcgct gcctctggac ccctctcgag 780 

agttccgctc caccgttgga cttgctccgc tgtcggcatc cagaaattgc gtggcggagc 840 

ggcagacgtg agccggcacg gcaggcggcc tcctcctcct ctcacggcac cggcagctac 900 

gggggattcc tttcccaccg ctccttcgct ttcccttcct cgcccgccgt aataaataga 960 

caccccctcc acaccctctt tccccaacct cgtgttgttc ggagcgcaca cacacacaac 1020 

cagatctccc ccaaatccac ccgtcggcac ctccgcttca aggtacgccg ctcgtcctcc 1080 

cccccccccc ctctctacct tctctagatc ggcgttccgg tccatggtta gggcccggta 1140 

gttctacttc tgttcatgtt tgtgttagat ccgtgtttgt gttagatccg tgctgctagc 1200 

gttcgtacac ggatgcgacc tgtacgtcag acacgttctg attgctaact tgccagtgtt 1260 

tctctttggg gaatcctggg atggctctag ccgttccgca gacgggatcg atttcatgat 1320 

tttttttgtt tcgttgcata gggtttggtt tgcccttttc ctttatttca atatatgccg 1380 

tgcacttgtt tgtcgggtca tcttttcatg cttttttttg tcttggttgt gatgatgtgg 1440 

tctggttggg cggtcgttct agatcggagt agaattctgt ttcaaactac ctggtggatt 1500 

tattaatttt ggatctgtat gtgtgtgcca tacatattca tagttacgaa ttgaagatga 1560 

tggatggaaa tatcgatcta ggataggtat acatgttgat gcgggtttta ctgatgcata 1620 

tacagagatg ctttttgttc gcttggttgt gatgatgtgg tgtggttggg cggtcgttca 1680 

ttcgttctag atcggagtag aatactgttt caaactacct ggtgtattta ttaattttgg 1740 

aactgtatgt gtgtgtcata catcttcata gttacgagtt taagatggat ggaaatatcg 1800 

atctaggata ggtatacatg ttgatgtggg ttttactgat gcatatacat gatggcatat 1860 

gcagcatcta ttcatatgct ctaaccttga gtacctatct attataataa acaagtatgt 1920 

tttataatta ttttgatctt gatatacttg gatgatggca tatgcagcag ctatatgtgg 1980 

atttttttag ccctgccttc atacgctatt tatttgcttg gtactgtttc ttttgtcgat 2040 

gctcaccctg ttgtttggtg ttacttctgc agggatcccc gatcatgcaa aaactcatta 2100 

actcagtgca aaactatgcc tggggcagca aaacggcgtt gactgaactt tatggtatgg 2160 
aaaatccgtc cagccagccg atggccgagc tgtggatggg cgcacatccg aaaagcagtt . 2220 

cacgagtgca gaatgccgcc ggagatatcg tttcactgcg tgatgtgatt gagagtgata 2280 

aatcgactct gctcggagag gccgttgcca aacgctttgg cgaactgcct ttcctgttca 2340 

aagtattatg cgcagcacag ccactctcca ttcaggttca tccaaacaaa cacaattctg 2400 

aaatcggttt tgccaaagaa aatgccgcag gtatcccgat ggatgccgcc gagcgtaact 2460 

ataaagatcc taaccacaag ccggagctgg tttttgcgct gacgcctttc cttgcgatga 2520 

acgcgtttcg tgaattttcc gagattgtct ccctactcca gccggtcgca ggtgcacatc 2580 

cggcgattgc tcacttttta caacagcctg atgccgaacg tttaagcgaa ctgttcgcca 2640 

gcctgttgaa tatgcagggt gaagaaaaat cccgcgcgct ggcgatttta aaatcggccc 2700 

tcgatagcca gcagggtgaa ccgtggcaaa cgattcgttt aatttctgaa ttttacccgg 2760 

aagacagcgg tctgttctcc ccgctattgc tgaatgtggt gaaattgaac cctggcgaag 2820 

cgatgttcct gttcgctgaa acaccgcacg cttacctgca aggcgtggcg ctggaagtga 2880 

tggcaaactc cgataacgtg ctgcgtgcgg gtctgacgcc taaatacatt gatattccgg 2940 

aactggttgc caatgtgaaa ttcgaagcca aaccggctaa ccagttgttg acccagccgg 3000 

tgaaacaagg tgcagaactg gacttcccga ttccagtgga tgattttgcc ttctcgctgc 3060 

atgaccttag tgataaagaa accaccatta gccagcagag tgccgccatt ttgttctgcg 3120 

tcgaaggcga tgcaacgttg tggaaaggtt ctcagcagtt acagcttaaa ccgggtgaat 3180 

cagcgtttat tgccgccaac gaatcaccgg tgactgtcaa aggccacggc cgtttagcgc 3240 

gtgtttacaa caagctgtaa gagcttactg aaaaaattaa catctcttgc taagctggga 3300 

gctcgatccg tcgacctgca gatcgttcaa acatttggca ataaagtttc ttaagattga 3360 
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atcctgttgc cggtcttgcg atgattatca tataatttct gttgaattac gttaagcatg 3420 

taataattaa catgtaatgc atgacgttat ttatgagatg ggtttttatg attagagtcc 3480 

cgcaattata catttaatac gcgatagaaa acaaaatata gcgcgcaaac taggataaat 3540 

tatcgcgcgc ggtgtcatct atgttactag atctgctagc cctgcaggaa atttaccggt 3600 

gcccgggcgg ccagcatggc cgtatccgca atgtgttatt aagttgtcta agcgtcaatt 3660 

tgtttacacc acaatatatc ctgccaccag ccagccaaca gctccccgac cggcagctcg 3720 

gcacaaaatc accactcgat acaggcagcc catcagaatt aattctcatg tttgacagct 3780 

tatcatcgac tgcacggtgc accaatgctt ctggcgtcag gcagccatcg gaagctgtgg 3840 

tatggctgtg caggtcgtaa atcactgcat aattcgtgtc gctcaaggcg cactcccgtt 3900 

ctggataatg ttttttgcgc cgacatcata acggttctgg caaatattct gaaatgagct- 3960 

gttgacaatt aatcatccgg ctcgtataat gtgtggaatt gtgagcggat aacaatttca 4020 

cacaggaaac agaccatgag ggaagcgttg atcgccgaag tatcgactca actatcagag 4080 

gtagttggcg tcatcgagcg ccatctcgaa ccgacgttgc tggccgtaca tttgtacggc 4140 

tccgcagtgg atggcggcct gaagccacac agtgatattg atttgctggt tacggtgacc 4200 

gtaaggcttg atgaaacaac gcggcgagct ttgatcaacg accttttgga aacttcggct 4260 

tcccctggag agagcgagat tctccgcgct gtagaagtca ccattgttgt gcacgacgac 4320 

atcattccgt ggcgttatcc agctaagcgc gaactgcaat ttggagaatg gcagcgcaat 4380 

gacattcttg caggtatctt cgagccagcc acgatcgaca ttgatctggc tatcttgctg 4440 

acaaaagcaa gagaacatag cgttgccttg gtaggtccag cggcggagga actctttgat 4500 

ccggttcctg aacaggatct atttgaggcg ctaaatgaaa ccttaacgct atggaactcg 4560 

ccgcccgact gggctggcga tgagcgaaat gtagtgctta cgttgtcccg catttggtac 4620 

agcgcagtaa ccggcaaaat cgogccgaag gatgtcgctg ccgactgggc aatggagcgc 4680 

ctgccggccc agtatcagcc cgtcatactt gaagctaggc aggcttatct tggacaagaa 4740 

gatcgcttgg cctcgcgcgc agatcagttg gaagaatttg ttcactacgt gaaaggcgag 4800 

atcaccaaag tagtcggcaa ataaagctct agtggatctc cgtacccccg ggggatctgg 4860 

ctcgcggcgg acgcacgacg ccggggcgag accataggcg atctcctaaa tcaatagtag 4920 

ctgtaacctc gaagcgtttc acttgtaaca acgattgaga atttttgtca taaaattgaa 4980 

atacttggtt cgcatttttg tcatccgcgg tcagccgcaa ttctgacgaa ctgcccattt 5040 

agctggagat gattgtacat ccttcacgtg aaaatttctc aagcgctgtg aacaagggtt 5100 

cagattttag attgaaaggt gagccgttga aacacgttct tcttgtcgat gacgacgtcg 5160 

ctatgcggca tcttattatt gaatacctta cgatccacgc cttcaaagtg accgcggtag 5220 

ccgacagcac ccagttcaca agagtactct cttccgcgac ggtcgatgtc gtggttgttg 5280 

atctaaattt aggtcgtgaa gatgggctcg agatcgttcg taatctggcg gcaaagtctg 5340 

atattccaat cataattatc agtggcgacc gccttgagga gacggataaa gttgttgcac 5400 

tcgagctagg agcaagtgat tttatcgcta agccgttcag tatcagagag tttctagcac 5460 

gcattcgggt tgccttgcgc gtgcgcccca acgttgtccg ctccaaagac cgacggtctt 5520 

tttgttttac tgactggaca cttaatctca ggcaacgtcg cttgatgtcc gaagctggcg 5580 

gtgaggtgaa acttacggca ggtgagttca atcttctcct cgcgttttta gagaaacccc 5640 

gcgacgttct atcgcgcgag caacttctca ttgccagtcg agtacgcgac gaggaggttt 5700 

atgacaggag tatagatgtt ctcattttga ggctgcgccg caaacttgag gcagatccgt 5760 

caagccctca actgataaaa acagcaagag gtgccggtta tttctttgac gcggacgtgc 5820 

aggtttcgca cggggggacg atggcagcct gagccaattc ccagatcccc gaggaatcgg 5880 

cgtgagcggt cgcaaaccat ccggcccggt acaaatcggc gcggcgctgg gtgatgacct 5940 

ggtggagaag ttgaaggccg cgcaggccgc ccagcggcaa cgcatcgagg cagaagcacg 6000 

ccccggtgaa tcgtggcaag cggccgctga tcgaatccgc aaagaatccc ggcaaccgcc 6060 

ggcagccggt gcgccgtcga ttaggaagcc gcccaagggc gacgagcaac cagatttttt 6120 

cgttccgatg ctctatgacg tgggcacccg cgatagtcgc agcatcatgg acgtggccgt 6180 

tttccgtctg tcgaagcgtg accgacgagc tggcgaggtg atccgctacg agcttccaga 6240 

cgggcacgta gaggtttccg cagggccggc cggcatggcc agtgtgtggg attacgacct 6300 

ggtactgatg gcggtttccc atctaaccga atccatgaac cgataccggg aagggaaggg 6360 

agacaagccc ggccgcgtgt tccgtccaca cgttgcggac gtactcaagt tctgccggcg 6420 

agccgatggc ggaaagcaga aagacgacct ggtagaaacc tgcattcggt taaacaccac 6480 

gcacgttgcc atgcagcgta cgaagaaggc caagaacggc cgcctggtga cggtatccga 6540 

gggtgaagcc ttgattagcc gctacaagat cgtaaagagc gaaaccgggc ggccggagta 6600 

catcgagatc gagctagctg attggatgta ccgcgagatc acagaaggca agaacccgga 6660 
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cgtgctgacg gttcaccccg attacttttt gatcgatccc ggcatcggcc gttttctcta 6720 

ccgcctggca cgccgcgccg caggcaaggc agaagccaga tggttgttca agacgatcta 6780 

cgaacgcagt ggcagcgccg gagagttcaa gaagttctgt ttcaccgtgc gcaagctgat 6840 

cgggtcaaat gacctgccgg agtacgattt gaaggaggag gcggggcagg ctggcccgat 6900 

cctagtcatg cgctaccgca acctgatcga gggcgaagca tccgccggtt cctaatgtac 6960 

ggagcagatg ctagggcaaa ttgccctagc aggggaaaaa ggtcgaaaag gtctctttcc 7020 

tgtggatagc acgtacattg ggaacccaaa gccgtacatt gggaaccgga acccgtacat 7080 

tgggaaccca aagccgtaca ttgggaaccg gtcacacatg taagtgactg atataaaaga 7140 

gaaaaaaggc gatttttccg cctaaaactc tttaaaactt attaaaactc ttaaaacccg 7200 

cctggcctgt gcataactgt ctggccagcg cacagccgaa gagctgcaaa aagcgcctac 7260 

ccttcggtcg ctgcgctccc tacgccccgc cgcttcgcgt cggcctatcg cggccgctgg 7320 

ccgctcaaaa atggctggcc tacggccagg caatctacca gggcgcggac aagccgcgcc 7380 

gtcgccactc gaccgccggc gctgaggtct gcctcgtgaa gaaggtgttg ctgactcata 7440 

ccaggcctga atcgccccat catccagcca gaaagtgagg gagccacggt tgatgagagc 7500 

tttgttgtag gtggaccagt tggtgatttt gaacttttgc tttgccacgg aacggtctgc 7560 

gttgtcggga agatgcgtga tctgatcctt caactcagca aaagttcgat ttattcaaca 7620 

aagccgccgt cccgtcaagt cagcgtaatg ctctgccagt gttacaacca attaaccaat 7680 

tctgattaga aaaactcatc gagcatcaaa tgaaactgca atttattcat atcaggatta 7740 

tcaataccat atttttgaaa aagccgtttc tgtaatgaag gagaaaactc accgaggcag 7800 

ttccatagga tggcaagatc ctggtatcgg tctgcgattc cgactcgtcc aacatcaata 7860 

caacctatta atttcccctc gtcaaaaata aggttatcaa gtgagaaatc accatgagtg 7920 

acgactgaat ccggtgagaa tggcaaaagc tctgcattaa tgaatcggcc aacgcgcggg 7980 

gagaggcggt ttgcgtattg ggcgctcttc cgcttcctcg ctcactgact cgctgcgctc 8040 

ggtcgttcgg ctgcggcgag cggtatcagc tcactcaaag gcggtaatac ggttatccac 8100 

agaatcaggg gataacgcag gaaagaacat gtgagcaaaa ggccagcaaa aggccaggaa 8160 

ccgtaaaaag gccgcgttgc tggcgttttt ccataggctc cgcccccctg acgagcatca 8220 

caaaaatcga cgctcaagtc agaggtggcg aaacccgaca ggactataaa gataccaggc 8280 

gtttccccct ggaagctccc tcgtgcgctc tcctgttccg accctgccgc ttaccggata 8340 

cctgtccgcc tttctccctt cgggaagcgt ggcgctttct catagctcac gctgtaggta 8400 

tctcagttcg gtgtaggtcg ttcgctccaa gctgggctgt gtgcacgaac cccccgttca 8460 

gcccgaccgc tgcgccttat ccggtaacta tcgtcttgag tccaacccgg taagacacga 8520 

cttatcgcca ctggcagcag ccactggtaa caggattagc agagcgaggt atgtaggcgg 8580 

tgctacagag ttcttgaagt ggtggcctaa ctacggctac actagaagaa cagtatttgg 8640 

tatctgcgct ctgctgaagc cagttacctt cggaaaaaga gttggtagct cttgatccgg 8700 

caaacaaacc accgctggta gcggtggttt ttttgtttgc aagcagcaga ttacgcgcag 8760 

aaaaaaagga tctcaagaag atcctttgat cttttctacg gggtctgacg ctcagtggaa 8820 

cgaaaactca cgttaaggga ttttggtcat gagattatca aaaaggatct tcacctagat 8880 

ccttttgatc cggaattaat tcctgtggtt ggcatgcaca tacaaatgga cgaacggata 8940 

aaccttttca cgccctttta aatatccgat tattctaata aacgctcttt tctcttaggt 9000 

ttacccgcca atatatcctg tcaaacactg atagtttaaa ctgaaggcgg gaaacgacaa 9060 

tctgatcatg agcggagaat taagggagtc acgttatgac ccccgccgat gacgcgggac 9120 

aagccgtttt acgtttggaa ctgacagaac cgcaacgctg caggaattgg ccgcagcggc 9180 

catttaaatc aattgggcgc gccgaattcg agctcggtac aagcttggcg cgccggtacc 9240 

caattcccga tctagtaaca tagatgacac cgcgcgcgat aatttatcct agtttgcgcg 9300 

ctatattttg ttttctatcg cgtattaaat gtataattgc gggactctaa tcataaaaac 9360 

ccatctcata aataacgtca tgcattacat gttaattatt acatgcttaa cgtaattcaa 9420 

cagaaattat atgataatca tcgcaagacc ggcaacagga ttcaatctta agaaacttta 9480 

ttgccaaatg tttgaacgat cggggaaatt cggggatcta attcccgagg ctgtagccga 9540 

cgatggtgcg ccaggagagt tgttgattca ttgtttgcct ccctgctgcg gtttttcacc 9600 

gaagttcatg ccagtccagc gtttttgcag cagaaaagcc gccgacttcg gtttgcggtc 9660 

gcgagtgaag atccctttct tgttaccgcc aacgcgcaat atgccttgcg aggtcgcaaa 9720 

atcggcgaaa ttccatacct gttcaccgac gacggcgctg acgcgatcaa agacgcggtg 9780 

atacatatcc agccatgcac actgatactc ttcactccac atgtcggtgt acattgagtg 9840 

cagcccggct aacgtatcca cgccgtattc ggtgatgata atcggctgat gcagtttctc 9900 

ctgccaggcc agaagttctt tttccagtac cttctctgcc gtttccaaat cgccgctttg 9960 
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gacataccat ccgtaataac ggttcaggca cagcacatca aagagatcgc tgatggtatc 10020 

ggtgtgagcg tcgcagaaca ttacattgac gcaggtgatc ggacgcgtcg ggtcgagttt 10080 

acgcgttgct tccgccagtg gcgcgaaata ttcccgtgca ccttgcggac gggtatccgg 10140 

ttcgttggca atactccaca tcaccacgct tgggtggttt ttgtcacgcg ctatcagctc 10200 

tttaatcgcc tgtaagtgcg cttgctgagt ttccccgttg actgcctctt cgctgtacag 10260 

ttctttcggc ttgttgcccg cttcgaaacc aatgcctaaa gagaggttaa agccgacagc 10320 

agcagtttca tcaatcacca cgatgccatg ttcatctgcc cagtcgagca tctcttcagc 10380 

gtaagggtaa tgcgaggtac ggtaggagtt ggccccaatc cagtccatta atgcgtggtc 10440 

gtgcaccatc agcacgttat cgaatccttt gccacgcaag tccgcatctt catgacgacc 10500 

aaagccagta aagtagaacg gtttgtggtt aatcaggaac tgttcgccct tcactgccac 10560 

tgaccggatg ccgacgcgaa gcgggtagat atcacactct gtctggcttt tggctgtgac 10620 

gcacagttca tagagataac cttcacccgg ttgccagagg tgcggattca ccacttgcaa 10680 

agtcccgcta gtgccttgtc cagttgcaac cacctgttga tccgcatcac gcagttcaac 10740 

gctgacatca ccattggcca ccacctgcca gtcaacagac gcgtggttac agtcttgcgc 10800 

gacatgcgtc accacggtga tatcgtccac ccaggtgttc ggcgtggtgt agagcattac 10860 

gctgcgatgg attccggcat agttaaagaa atcatggaag taagactgct ttttcttgcc 10920 

gttttcgtcg gtaatcacca ttcccggcgg gatagtctgc cagttcagtt cgttgttcac 10980 

acaaacggtg atacctgcac atcaacaaat tttggtcata tattagaaaa gttataaatt 11040 

aaaatataca cacttataaa ctacagaaaa gcaactgcta tatactacat tcttttattt 11100 

tgaaaaaaat atttgaaata ttatattact actaattaat gataattatt atatatatat 11160 

caaaggtaga agcagaaact tacgtacact tttcccggca ataacatacg gcgtgacatc 11220 

ggcttcaaat ggcgtatagc cgccctgatg ctccatcact tcctgattat tgacccacac 11280 

tttgccgtaa tgagtgaccg catcgaaacg cagcacgata cgctggcctg cccaaccttt 11340 

cggtataaag acttcgcgct gataccagac gttgcccgca taattacgaa tatctgcatc 11400 

ggcgaactga tcgttaaaac tgcctggcac agcaattgcc cggctttctt gtaacgcgct 11460 

ttcccaccaa cgctgatcaa ttccacagtt ttcgcgatcc agactgaatg cccacaggcc 11520 

gtcgagtttt ttgatttcac gggttggggt ttctacagga cggaccatgg tcgacctcga 11580 

atcaaccact ttgtacaaga aagctgggtt gacaaattaa gttgtcagtg tgtcgaagtt 11640 

atatatcaag ataggaaggg tggagatgtc tgaagaaaga gcatgtccag gatgtccaat 11700 

ttatagggga cgatcgatca tatcgatcga cgggttgggg tggtacaacg tacgtacaga 11760 

tggaaacgaa actcgatcga tctaagcgtg aaacatgcct acacgtggga acacttgtga 11820 

cttatgttcc gggaacgact gtttgagaca catttgagct agtctacttt acctcgaaac 11880 

tgggcaacat gtaactctaa* agtctaaact aggagggttg tccgtagtgt aaatactagt 11940 

gtgttatgtc actttgagag actttcgaca attaggaata tgaacccttt tatttattta 12000 

gttatgtgct accaaatata gaggctccca tcagatggcc caataagcca aagaataagc 12060 

caaattttga attttcaaac ttaattttga gattgattct gagatatttt caacgtagtt 12120 

tttttcagta ttggctttta agttaaaaaa aacacatata taaaagtttt acctacacat 12180 

ttatttttat tctctaataa gccgttttgg cttattagaa aaaaattcaa ccaatggggg 12240 

ccagagaatg ttttacttct gatggtttcc tggagggatt atagaagtga tgttcaatgc 12300 

ttcttcattg atgcttctaa ttctttcgag gattttcctg gttgctgtag ttagtaactt 12360 

tgaatgtgat tggataaacc ttaaattcaa tatgatgtga tagagaaggt ggttgatttc 12420 

gagtatgatc ggcttgtctg ggatgtttgc agctagttat cttggtgtct ttaatacaag 12480 

tttttttttc gtggttctac gctaagcctc gcaaaaaggg agagaggagc agtgctgaca 12540 

agattttcct tacataatcc ggcactatgc acttaattag catctcccta atattctgat 12600 

catgtggtgt ccctagatag atataatggg agagccatga ccaagagaaa ggaggttcga 12660 

acatacagag ttattagaac atatagccat acacagtgaa gttcttcgga aatccaaaag 12720 

agatgaacta cgactctaag tctgacatat aagatcattc actagcaaga gagaaaacac 12780 

atgacacaat aggagtagga tgttacaagc ctgcttt 12817 
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Present claim 1 and those parts of claims 13-25 referring to claiml, 
relate to a product/compound/method defined by reference to a desirable 
characteristic or property, namely chemical inducibility without wound or 
pathogen inducibil ity.The claims cover all products/compounds/methods 
having this characteristic or property, whereas the application provides 
support within the meaning of Article 6 PCT and/or disclosure within the 
meaning of Article 5 PCT for only a very limited number of such 
products/compounds/methods. In the present case, the claims so lack 
support, and the application so lacks disclosure, that a meaningful 
search over the whole of the claimed scope is impossible. Independent of 
the above reasoning, the claims also lack clarity (Article 6 PCT). An 
attempt is made to define the product/compound/method by reference to a 
result to be achieved. Again, this lack of clarity in the present case is 
such as to render a meaningful search over the whole of the claimed 
scope impossible. Consequently, the search has been carried out for those 
parts of the claims which appear to be clear, supported and disclosed, 
namely those parts relating to the products/compounds/methods concerning 
promoter molecules with demonstrated ability to express associated 
sequences in plant cells in the claimed manner, more specifically the 
search has been conducted on the basis of the sequence listings that 
allow said result to be achieved. The search has not been extended to 
promoters functioning in other hosts. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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